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ROUTE SURVEYS AND CONSTRUCTION 


Third Edition of Route Surveys 
by HARRY RUBEY, University of Missourt 


Here are the traditional fundamentals and disciplines of route 
surveys, design and construction—combined with data on pro- 
fessional civil engineering, contracting, professional manage- 
ment and practical photogrammetry. Designed as a perma- 
nent reference work, this book provides unusually complete 
tables and problems for all types of routes and can be easily 
adapted for any kind of route survey course. 


Published April, 1956 640 pp $6.25 


DESIGN OF REINFORCED CONCRETE 
by BORIS W. BOGUSLAVSKY, Aramco Overseas Com- 
pany 
This text provides a sound introduction to structural theory, 
as applied to the analysis and design of reinforced concrete 
members, and to practical, up-to-date design procedures. Dis- 
cussing first the fundamentals of structural analysis and basic 
individual structural members, the book progresses to a con- 
sideration of more complex structures ot the subject of pre- 
stressed beams. 


Published March, 1956 428 pp $7.50 


PRINCIPLES OF TURBOMACHINERY 


by DENNIS G. SHEPHERD, Cornell University 


This first complete text for an integrated course in turbo- 
machinery thoroughly discusses various methods of analysis 
and design and then applies these general principles to spe- 
cific types of turbomachinery, such as pumps, fans, compressors 
and turbines. 


Published May, 1956 463 pp $10.00 


DESIGN OF MACHINE ELEMENTS, 3rd Edition 

by VIRGIL M. FAIRES, North Carolina State College 
Emphasizing the adaptation of theory to practical design, this 
text helps students master details of the subject and provides 
suggestions for more intense study of particular machine ele- 
ments. The book features an intensive coverage and a prac- 
tical, teachable organization of material that includes new de- 
sign information for nearly every machine element. 


Published February, 1955 550 pp $7.50 


The Macmillan 


60 FIFTH AVENUE, NEW YORK I, N.Y. 
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Now Availalle ... 


POWER PLANTS 


By 
Alexander H. Zerban 
United Aircraft Corporation 
and 


Edwin P. Nye 


The Pennsylvania State University 


This revision was designed to meet the increasing demand for a 
coordinated treatment of the mechanical engineering of all types of 
commercial power-generation equipment. The title (formerly Steam 
Power Plants) was changed in order to reflect this broader coverage. 
The emphasis throughout is on application of the fundamental principles 
of science to the art of power engineering. The power plant is viewed as 
a vehicle to present the theoretical principles of thermodynamics and 
heat transfer in a context of working reality. An outstanding text for 
courses requiring an integrated study of power plants and related topics 
on a level above that of mere catalogue description. Outstanding fea- 
tures: 


@ The treatment of internal combustion plants has been reoriented and expanded, 
@ A new chapter on hydroelectric plants has been added. 
@ Anew chapter discussing the problems and likely role of nuclear power is included. 


@ Greater emphasis has been placed on economic considerations. 


@ Many new problems have been added, bringing the total to over 500. 


1956 660 pages $6.50 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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DESIGN OF PIPING SYSTEMS, 2nd Edition 


Written by members of the engineering departments of the M. W. 
Kellogg Company. Completely rewritten and substantially ex- 
panded, the second edition offers a modern, comprehensive account 
of the entire subject of structural design of piping systems. It 
includes the most complete and detailed treatment of the thermal 
expansion problem ever published. Covered also are the effects 
of weight, wind and vibration; strength and failure of materials; 
bends, fittings, and branch connections; model testing, expansion 
joints, and pipe supports; and many other topics. 1956. 365 
pages. $15.00. 


MOLECULAR FLOW OF GASES 


By G. N. Patterson, University of Toronto. Approaching fluid 
mechanics from the molecular viewpoint, this book lays the founda- 
tion for a modern understanding of strong shock wave problems 
and the aerodynamics of high-speed, high-altitude flight. Its sub- 
ject matter extends from the mechanics of rarefied gases to the 
relaxation and dissociation effects associated with strong shock 
waves. 1956. 217 pages. $7.50. 


THERMAL POWER FROM NUCLEAR REACTORS 


By A. Stanley Thompson and Oliver E. Rodgers, doth of the 
Studebaker-Packard Corporation. Discusses the three most important 
factors of nuclear power: the generation of heat in reactors; the 
removal of heat from reactors; and the use of this heat in thermal 
power plants. The work is unique in its application of numerical 
and dimensional analysis to nuclear design problems. 1956. 229 
pages. College edition, $6.25. 


THE THEORY AND TECHNIQUE OF SHIP DESIGN 


By George C. Manning, Professor of Naval Architectuve, M.I.T. 
A scudy of the basic principles and the processes employed in the 
design of ships of all classes. Partly based on the author’s Basic 
Design of Ships, this book deals more fully than its predecessor 
with commercial vessels, and gives special attention to the tech- 
nical, economic, and military considerations in determining the 
optimum form and displacement of vessels for any given duty. 
A Technology Press book, M.I.T. 1956. 278 pages. $10.00. 


Send today for your examination copies. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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A COMPLETE 
PRINTING 
SERVICE . . . 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 


1956 
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Selected RONALD Locks 


INTRODUCTION TO PLASTICITY 
ARIS PHILLIPS, Yale University 


NEW. Designed for senior undergraduate and first-year graduate students, 
this clearly developed introduction to metal plasticity requires only a 
knowledge of differential equations and elementary strength of materials. | 
The first six chapters treat one-dimensional problems; the last three con- 
sider problems of combined stress. Covers axial loading and bending, 
behavior of indeterminate trusses, plastic bending, biaxial and triaxial load- 
ing, etc. Includes 87 selected problems. ‘‘An excellent introductory book.” 
GLENN MURPHY, Iowa State College. 234 ills., tables; 230 pp. 


STATICS AND STRENGTH OF MATERIALS 


JASPER O. DRAFFIN and W. LEIGHTON COLLINS 
—both University of Illinois 


A WELL-WRITTEN textbook suited for any course where the student 
begins the study of mechanics before completing the calculus. Covers in 
detail coplanar force systems, systems in space, use of light-weight alloys, 
high-strength steels, plastics. Methods make use of free-body diagrams, | 
geometric interpretation, and physical visualization of problems. ‘“‘A very 
clear and concise. treatment .. . excellent arrangement of subject matter.” 


WILLIAM R. STAPLES, University of Saskatchewan. 
494 ills., tables; 398 pp. 


HYDRO POWER ENGINEERING 
JAMES J. DOLAND, University of Mlinois 


FOR CIVIL ENGINEERS—a textbook on design and preparation of plans 
for hydroelectric power installations. Presents basic theory; outlines the 
practical routine for selecting correct type, diameter of runner. Covers 
water passage design, proper number of units, etc.; includes analyses of 
public, private source material, plus original studies of hydro-power prob- 
lems. ‘‘One of the best texts—in scope, content, and method of presentation.” 
H. W. COLLINS, Colorado A. & M. College. 112 ills., tables; 209 pp. 


STEAM POWER PLANTS 
PHILIP J. POTTER, Alabama Polytechnic Institute 


THIS THOROUGH TEXTBOOK for advanced college courses relates 
engineering fundamentals to the design of steam power plants. Treats 
design of the large central station as well as industrial and smaller plants. 
Integrated specific examples show students how to apply principles. 
Treats flow of fiuids, pumps, heat transfer, fuels, steam generators, boiler 
auxiliaries, draft equipment, feedwater, etc. ‘“‘A very well planned book.” 
S. J. TRACY, JR., College of the City of New York. 

328 ills., tables; 503 pp. 


—= THE RONALD PRESS COMPANY - 15 E. 26th St., New York 10 a 
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Gor your needs 


NEW & FORTHCOMING BOOKS 


UNIT OPERATIONS OF CHEMICAL ENGINEERING 


By WARREN L. McCABE, Polytechnic Institute of Brooklyn, and JULIAN 
SMITH, Cornell University. McGraw-Hill Series in Chemical Engineering. 
Ready for fall classes 


Covers the unit operations of chemical engineering from both a practical and a 
theoretical standpoint. It is designed for undergraduate students in the junior or 
senior year who have the usual training in mathematics, physics, and mechanics. 
Each unit operation is given separate treatment. The text also covers fluid 
mechanics, flow of heat, and mass transfer, each giving scientific and theoretical 
foundations for several operations. The treatment of such topics as measuring 
instruments, mass transfer and the treatment of solids is unique. Most of the 500 
figures were drawn especially for the text. A solutions manual will be available. 


THE CHEMICAL PROCESS INDUSTRIES 


By R. NORRIS SHREVE, Purdue University. Second Edition. McGraw-Hill 
Chemical Engineering Series. 1016 pages, $11.50 (text edition available) 


A thorough revision of a highly popular chemical engineering text. Its aim is to 
present the processes used in the various chemical and allied industries, with the 
chapters arranged according to these various industries. The emphasis on flow 
sheets is one of its outstanding features, with new ones added and obsolete ones 
removed in this new edition. The object of the book is to give in one volume the 
modern chemical engineering way of looking at chemical and allied processes. 


CHEMICAL ENGINEERING KINETICS 
By J. M. SMITH, Purdue University. McGraw-Hill Series in Chemical Engi- 


neering. Ready for fall classes 


Here is the first book to combine applied kinetics and the engineering problems of 
reaction equipment design in a manner suitable for seniors or first year graduate 
students. It attempts to bring to students and practicing engineers the combination 
of kinetics and reactor design necessary to design, construct, and operate reaction 
equipment. Ina different kind of engineering approach, the author introduces and 
emphasizes the engineering problems encountered in designing and operating 
reaction equipment. Numerical examples of all important principles are included. 


AIR POLLUTION HANDBOOK 


By the STANFORD RESEARCH INSTITUTE—Edited by PAUL L. MAGILL, 
FRANCIS R. HOLDEN, and CHARLES ACKLEY. In press 


Offers much helpful theoretical, technical, and practical information on the problem 
of air pollution, its causes, effects, and control, in convenient reference form. 
Written by a number of specialists, the book is highly authoritative in each aspect 
of the problem it covers. It brings together the pertinent facts needed by all 
types of readers concerned with the problem of air pollution. 


Send for copie) 4 


- HILL 
330 West 42nd Street 
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from McGRAW-HILL 


Fourjvolumes by BERNHARDT G. A. SKROTZKI, Associate Editor, 
Power, constituting the McGraw-Hill Electric Utility Library. These books, 
for those in the beginning or lower stages of electric utility industry work, 
provide a practical knowledge of the design, operation, and maintenance of 
the equipment that makes up an electric-supply system. They are written 
in simple language, and with a minimum of mathematics. 


ELECTRIC GENERATION—Hydro, Diesel and Gas Tur- 
bine Stations 
480 pages, $8.50 


Deals with central stations other than steam-electric, describing their funda- 
mentals, their distinctive equipment and operations, and their part in the whole 
electric supply system. A description of the various types of hydraulic turbines 
and gas turbines and how they are arranged and controlled is also given. 


ELECTRIC GENERATION—Steam Stations 
480 pages, $8.50 


Covers coal, gas, or oil burning steam-electric generating stations, describing 
their basic principles in simple terms. A practical treatment is given of such 
subjects as fuels, piping, feedwater treatment, control methods, and electrical 
systems. An introduction to the steam tables used for calculating and designing 
steam equipment is included, in addition to a review of preliminary proposals for 
applying nuclear energy in central stations. 


ELECTRIC TRANSMISSION AND DISTRIBUTION 
4AB pages, $7.50 


Explains the elements of direct- and alternating-current theory, the principal 
parts of transmission and distribution systems, including circuits, capacitors, 
transformers, auxiliaries, system protection and street lighting. Material is in- 
cluded showing how electric utility loads vary and how they may be forecast for 
planning future construction of transmission and distribution systems. 


ELECTRIC SYSTEM OPERATION 
416 pages, $6.50 


Describes the system from fuel input and water flow to the customer’s connections. 
All operations involved in scheduling and maintaining equipment to produce elec- 
trical power load economically and efficiently are shown. Included also is informa- 
tion on such subjects as relays, load dispatching and control, system communica- 
tions, operating costs, and rate schedules. 


approval 


BOOK COMPANY 
New York 36, N. Y. 
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ASME HANDBOOK—Engineering Tables 


Edited by JESSE HUCKERT, The Ohio State University. Sponsored by the 
American Society of Mechanical Engineers. 704 pages, $12.00 


A reference book which makes available many tables of recognized design 
standards not commonly found in handbooks. This wealth of information makes 
design calculations easier, giving the engineer a ready source of design informa- 
tion to supplement his knowledge of standards for shape, dimension, gears, etc. 
Its fifteen sections group together tables applying to the design of specific parts. 


ELECTRONIC ENGINEERING 


By SAMUEL SEELY, Case Institute of Technology. The McGraw-Hill Electrical 
and Electronic Engineering Series. 532 pages, $8.00 


Provides a physical and mathematical discussion of electronic circuits important 
in almost every field of electronic engineering. Included is a general intro- 
duction to tubes and tube circuit principles, and a detailed consideration of the 
more important electron tube circuits. Emphasis is on the physical and mathe- 
matical analyses. Develops in the student a solid understanding of the tech- 
niques of analysis, the special features of the many circuits examined and the 
— for combining circuits of different types to achieve required operational 
results. 


RADIO ELECTRONICS 


By SAMUEL SEELY. The McGraw-Hill Electrical and Electronic Engineering 
Series. 496 pages, $7.00 


A companion volume to ELECTRONIC ENGINEERING which discusses in 
considerable mathematical detail the essential processes and circuits of im- 
portance in the field of radio communications. Starting with a general discussion 
of the methods of communication, it then expands in detail the more important 
aspects of the field. Emphasis is on the physical and mathematical analyses, so 
as to give the student an understanding of fundamentals underlying the broad 
field of communication. 


MECHANICAL ENGINEERING PRACTICE 
New Fifth Edition: A Laboratory Reference Text 


By CHARLES F. SHOOP, University of Minnesota; and GEORGE L. TUVE, 
Case Institute of Technology. 486 pages, $7.00 


This combined text and handbook has been revised with continued emphasis on 
the scientific fundamentals of engineering instruction and their applications. 
Special stress is placed on new techniques for mechanical measurements, dynamic 
characteristics of processes, and automatic control. This new edition reflects 
such trends as the greater use of electrical instruments and transducers and the 
study of the dynamics of the processes of flow and heat transfer. 


SEND FOR COPIES ON APPROVAL 


McGRAW-HILL BOOK COMPANY, Inc 
330 West 42nd Stre t New York 36 N. Y. 
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DO YOU KNOW .... 


®& .... That two changes in the 
method of handling funds granted 
the Society for special studies were 
adopted by the Executive Board at 
its April meeting? One vote was, 
“When money is solicited by the So- 
ciety in the name of the Society, the 
money is to remain under the control 
of the Secretary’s Office and be dis- 
bursed as required.” Such action 
should eliminate situations in which 
there seems to be uncertainty about 
authority and responsibilities. 

The other vote was, “Not to pay 
travel expenses for industrial mem- 
bers of committees attending meet- 
ings and that such a statement be 
incorporated in agreements with the 
grantors of funds.” This practice is 
not entirely new, but was necessary to 
avoid the recurrence of some embar- 
rassing situations. It also may be well 
to state the Society pays no expenses 
for anyone attending the Annual 
Meeting, not even for the President. 


> .... That officers appointed to 
ad hoc committees will now continue 
to serve until the work of the commit- 
tee is completed, regardless of whether 
or not they are still in office? This 
policy was established at the April 
meeting of the Executive Board. A 
good horse should not be changed in 
mid-stream just because he goes out 
of office. One exception to this policy 
is the ECRC Chairman’s appointment 
to the National Research Council; 
though he is appointed for a three- 
year term, he is expected to resign at 
the end of the second year in order 
that the new Chairman of ECRC can 
represent the Society for two years. 


& .... That the Industrial Fel- 
lowship activity becomes a function 
of the Secretary's office as of 1 July 
1956? This action of the Executive 
Board was taken after much discus- 
sion of how the Society should fune- 
tion. Based on the general principle 
that the Society should not establish 
several small secretarial staffs to con- 
duct its work, the Executive Board 
voted, “That as of 1 July 1956 the In- 
dustrial Fellowship activity be trans- 
ferred to the Secretary’s office, that 
the activity then become a Society 
function, and that a new Society com- 
mittee be appointed from ECAC and 
ECRC, the purpose of the committee 
being to carry out the ‘random selec- 
tion’ of institutions and to advise the 
Secretary on other matters pertinent 
to the fellowship program.” 


> .... That an inquiry has been 
received about the interest in a group 
insurance plan for members of ASEE? 
Most of you probably know that 
ASCE has such a plan for its mem- 
bers. Smith and Sternau now are ap- 
proaching the other constituent soci- 
eties of Engineers Joint Council. The 
Executive Board voted not to partic- 
ipate in the plan because if the other 
societies adopt it most of our members 
will have an opportunity to participate. 


B& .... That the Dean’s Confer- 
ence on Atomic Energy is to be held 
at Gatlinburg, Tennessee, on Septem- 
ber 5-8? Deans of engineering 
schools having ECPD accreditation, 
the presidents of those institutions, 
the members of our Atomic Energy 
Education Committee, and the Pres- 
ident and Secretary of ASEE are to 
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be invited. The program is being de- 
veloped by our AEEC in conjunction 
with AEC, NSF, ORINS, and ORNL. 
The official title could be the “ASEE- 
AECNSFORINSORNL Conference.” 
The grant of funds from the National 
Science Foundation is dependent on 
the forthcoming action of Congress. 


> .... That if you are 65 years 
young, have retired from active pro- 
fessional life, and have been in good 
standing for twenty-five years or more 
you may become a life member by 
vote of the General Council? Then 
you are exempt from the payment of 
dues. All you need to do is make a 
written request of the Secretary. 


> .... That the Constitution also 
states you may become a life member 
by the lump sum payment of dues for 
twenty years? We have just discov- 
ered one such life member. Are there 
others? Are others interested? 


> .... That a recent study dis- 
closed that we have 62 living mem- 
bers who joined the Society in 1910 
or earlier? 


> .... That we need someone’s 
help? A manuscript marked 
“(DRAFT)” with no name or other 
means of identification was sent to us. 
It is well prepared, typed, double 
spaced, edited in pencil, eight pages 
long, on Eminence Bond onion skin 
paper, and in the area of Engineering 
Science. If the author identifies his 
_ work we will be happy to consider it 
for publication in the JouRNAL. 


> .... That copies of the report 
on the Humanistic-Social Research 
Project are now available from this 
! office? Each of you will want to read 


DO YOU KNOW .... 
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it, just as you read the Evaluation Re- 
port. The cost is 25¢ per copy, 20¢ 
each in lots of 50 to 100, and 12¢ each 
in lots of 100 or more. 


> .... That “Educational Aids in 
Engineering” are still available at 
$1.00 per copy? If you are in civil, 
electrical, or mechanical engineering, 
mechanics, or mathematics you should 
have a copy; many good ideas are pre- 
sented. If you don’t want a copy, 
does your library have one? 


Bm .... That a copy of Educa- 
tional Television Newsletter has been 
received? It tells of recent develop- 
ments in various states and in various 
schools. However, there was nothing 
about courses in engineering. Has 
anyone been experimenting? 


& .... That the Proceedings of 
the Society, since 1949, have been 
microfilmed? ‘The work is done by 
University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan and 
copies are sold by them to bona fide 
subscribers of the JouRNAL OF ENGI- 
NEERING EpucaTION at the end of the 
volume year, at which time the entire 
volume is delivered. 


®& .... That ECPD voted, “That 
the Council (ECPD) recommend to 
each constituent engineering society 
that they request each new member 
who joins a particular society to sig- 
nify his acceptance of the Canons of 
Ethics, or of the code of ethics of the 
Society, as a condition of member- 
ship’? The Executive Board agreed 
that ASEE should not require new 
members to signify acceptance of a 
code. Most members accept such 
codes by virtue of membership in 
other societies; for non-engineer mem- 


| 
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bers it does not seem desirable to 
have them agree to comply with an 
engineering code. They should, of 
course, know what the codes are. 


> .... That it is a good idea for 
each of you to tear page 16 out of the 
1956 Yearbook? Do it now! It is a 
membership application form, placed 
there for your use. Have it filled out 
by a cohort who is a non-member. 
Our present 8500 members represent 
only a small fraction of our potential! 
If you can’t locate enough Yearbooks 
to meet your needs, we will be 
pleased to send you separate member- 
ship application forms—as many as 
you wish. Outstanding contributions 
already have been made, notably by 
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W. D. Mcllvaine of the University off 


Alabama, and by Wentworth Institut: 
of Boston, Massachusetts. The forme 
obtained many individual member, 
at least three associate institutional 
members, and contacted over fifty in 
dustries in his geographical area 
Wentworth had 14 individual men. 
bers and gained an additional 17. We 
congratulate both on their achieve 
ments! Are you doing your share? 


> 
each of you a pleasant summer-o 
work, of vacation, or both? 


W. LeicHTON CoLLins 
Secretary 


MICROFILM EDITIONS OF THE. 
ASEE JOURNAL AND PROCEEDINGS 


NOW AVAILABLE 


The JourNAL OF ENGINEERING EpucaTION, without advertise- 
ments, is now available through microfilm copies of the Proceed- 
ings, volumes 56-61. The microfilm is a positive copy furnished 


on labeled metal reels. 


Volume 56 (1948-49) is priced at $1.70; 


volume 57 (1949-50), volume 58 (1950-51), and 6o (1952-53) are 
$1.80; volume 59 (1951-52) is $1.60; and volume 61 (1953-54) is 
$2.00. Later volumes, at about $2.00 each, will be issued annually 
by University Microfilms, 313 North First Street, Ann Arbor, Mich- 
igan, from whom copies can be ordered. The availability of the 
JourNaL in this form is an indication of its growing importance as 
a source of advanced and authoritative ideas on engineering educa- 


tion and research. 


.... That the office staff wishes 


ME 
NU 


nucle 

sider 

| 

cone 

fers 

it is 

lack 

engi 

of b 

with 

of it 

heer: 

cons: 

| 

Are 

is g 

cont 

the 

3 pow 

Mec 

spec 

driv 

side 

of tl 

teriz 

reac 

trate 


June, 1956 


niversity of 
th Institute 
The forme 
| member, 
nstitutional 
ver fifty in. 


hical area 


dual men. 
al 17. We 
ir achieve. 
r share? 


staff wishes 


summer-—of | 


CoL.ins 


MECHANICAL ENGINEERS AND 
NUCLEAR POWER REACTOR DESIGN 


ROBERT J. FRITZ 


Engineer, Knolls Atomic Power Laboratory, 
Schenectady, New York 


Second paper from the oral presentation at the ASEE session of the EJC Nuclear Engineer- 


ing and Science Congress, this revi: 


form has been prepared for the Atomic Energy 


Education Committee Conference of the 64th Annual Meeting on June 28, 1956. 


Educational requirements for the 
nuclear engineer should not be con- 


sidered as something unique. They 


are based on the same principles and 
concepts that underlie all branches of 
engineering. Nuclear engineering dif- 
fers from the established fields of en- 
gineering mainly in its newness, and 
it is because of this newness, this 
lack of experience, that the nuclear 
engineer must rely on his knowledge 


- of basic scientific principles, applied 


with engineering judgment. In most 
of its technical aspects, nuclear engi- 
neering education can, therefore, be 
integrated with the present trends of 
engineering education. 


Typical Problem 


To bring out the nature of the prob- 
lem that faces the nuclear engineer, 
consider as typical the design of mech- 
anisms to control a nuclear reactor. 
A reactor is a furnace in which heat 
is generated by nuclear fission. A 
control system must both regulate 
the nuclear reaction and provide for 
power changes or rapid shutdowns. 
Mechanisms may be used to transmit 
specified motions from mechanical 
drives (which are usually located out- 
side a pressure vessel) into the region 
of the reactor core, where certain ma- 
terials are moved to affect the nuclear 
reaction. The mechanisms must pene- 
trate the pressure vessel, so that seals 
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must be provided to maintain leak- 
tightness. Radioactive fluids must be 
kept in and contaminants must be 
kept out. The engineer must establish 
what leak rates are allowable. Differ- 
ent materials must be considered for 
porosity, possible radiation damage, 
possible chemical attack and tempera- 
ture effects. Seal designs must be 
conceived and tested to meet the spe- 
cific objectives of leak-tightness under 
conditions which realistically simulate 
service requirements. The pressure 
vessel must be examined at the pene- 
tration to assure leak-tight integrity 
and strength under a variety of loads 
including those due to pressure, ther- 
mal gradients and piping reactions. 

Since the control motion is accu- 
rately specified in space and time, 
there may be a problem of dynamics 
to determine how the interaction of 
friction, mass and flexibility will mod- 
ify the motion. 

To guide the motion accurately, 
bearings must be used, which may 
function in possibly corrosive fluids, 
in regions of high temperature, and 
under nuclear radiation. Bearing 
wear must be investigated and the 
bearings must be proof-tested. 

Materials and design configurations 
must be chosen to minimize leakage 
of nuclear radiation, and additional 
shielding added where necessary. In 
the case of replaceable parts, the 
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materials must not contain long-lived 
radioactive elements. Heat transfer 
problems in forced and natural con- 
vection or by steady-state and tran- 


sient conduction must be solved, from 


which temperature distributions in 
critical parts can be determined. 
From these temperature distributions, 
thermal stresses and deformations 
must be evaluated in order to prove 
that the assembly will not malfunction 
as a result of thermal distortion or 
thermal stress fatigue. Finally, limita- 
tions on thermal and pressure stresses 
must be established for which com- 
monly accepted construction codes 
may not apply. 

After much preliminary study and 
testing of components, an overall de- 
sign is at last determined. A proto- 
type is then built which, along with 
previous component prototypes, serves 
to test the manufacturing feasibility. 
The design must be susceptible of 
fabrication at a reasonable cost and 
with available materials. This proto- 
type is subjected to performance tests. 
Changes in the design are made as 
indicated by the test results and by 
the experience of the shop in produc- 
ing the components. 

The design of such components en- 
tails a knowledge of heat transfer, 
fluid dynamics, structural analysis, nu- 
clear physics, metallurgy, chemistry, 
and manufacturing practices, and re- 
quires techniques of experimental and 
theoretical analysis. Most likely the 
team effort of mechanical designers 
and specialists is required. In this 


new field, an important concept in- 
volves the technical team of the me- 
chanical designer, who possesses a 
broad understanding of the various 
fields, and of specialists, who possess 
depth of understanding in their par- 
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ticular field, as well as knowledge of 
specialized techniques. 

At the Knolls Atomic Power Lab. 
oratory, these specialists may be called 
on to advise the designer in concept. 


tual design in order to define and in. | 


terpret design requirements. The. 
oretical and experimental programs of 
a highly specialized nature become 
the responsibility of the specialist. 
These theoretical evaluations may in. 
volve the use of analog or digital 
computers, network analyzers, flu 
plotting equipment or special math- 
ematical techniques, and may be in 
the fields of physics, chemistry or 
metallurgy, or in the engineering spe- 
cialties, such as applied mechanics. 


The experimental investigations may | 


be component testing employing 1a 
dioactive testing techniques or may 


be experimental programs in support} 


of theoretical evaluations. Other de- 
velopment testing is the responsibility 
of the engineer. 


At the Knolls Atomic Power Lab} 
oratory, the engineer is assisted by| 
semi-professional workers, who con-| 
tribute to the projects as engineering | 
calculators, in production and design} 
follow-ups, as laboratory technicians, 
drafting designers, and specification | 


and instruction book writers. 


This problem typifies the demands 


of nuclear engineering. The designer) 


must have a broad knowledge of fur 


damentals, primarily in heat transfer, 


structural analysis, 
and metallurgy. He must have 4 

broad understanding of manufactur | 
ing practices to assist the shop in fab | 
rication. He must make effective us | 
of engineering experiments in orde) 
to prove that his design will functiot | 


nuclear physics 


reliably under realistic operating co? | 


ditions. 


He must rely on the advict 


of and cooperate with specialists | 
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evaluate special problems in theoret- 
ical and experimental analysis. 

Although the problem of nuclear 
power plant design is basically related 
to that of any other engineering activ- 
ity, significant differences exist, too. 
There is a higher premium on reliabil- 
ity in the design of basically new 
types of power plants. Accurate con- 
trol of quality is necessary in order to 
compare the efficiencies of basic de- 
signs. Moreover, the potential haz- 
ards to operating personnel, the pub- 
lic, and property are much greater 
with nuclear power systems than with 
conventional power plants. As a con- 
sequence, the nuclear engineer must 
not accept usual design solutions and 
safety factors without careful exam- 
ination. Manufacturers who furnish 
components are frequently asked to 
supply special information and to 
make special tests as assurance that 
their products can withstand partic- 
ular service requirements. For in- 
stance, the nuclear engineer may think 
of leak-tightness in terms of mass- 
spectrometer leak tests, which is a 
relatively new concept for such large- 
scale components. Lacking service 
experience, the nuclear engineer must 
have a sound understanding of his 
service requirements and of scientific 
principles, so that he can correlate 
these requirements with equipment 
characteristics. 


Educational Requirements 


This discussion will consider under- 
graduate engineering training, assum- 
ing that specialization in any partic- 
ular field will be reserved for the 
graduate program. The needs of the 
designer and specialist would be 
served by the same undergraduate 
curriculum, with the possible excep- 
tion of a small percentage of electives 


coming in the senior year. From 
what has already been said, it is rec- 
ommended that this undergraduate 
program should be basically in me- 
chanical engineering with a heavy 
emphasis on fundamentals and on 
mathematical tools to use these funda- 
mentals, including studies in modern 
physics. The student should be intro- 
duced to the practices and limitations 
of standard engineering measure- 
ments, including the use of thermo- 
couples, strain gages, and other meas- 
urement techniques and devices. His 
mathematical training should stress 
utilization and include numerical 
analysis. Engineering problems as 
they apply to nuclear power plants 
should be incorporated wherever pos- 
sible in the undergraduate work. Be- 
cause the nuclear engineer must oper- 
ate in a project organization, he must 
be trained in effective communication. 

For the four-year engineering cur- 
riculum, a one-semester course in Nu- 
clear Physics would be considered sat- 
isfactory. It is recommended that a 
good text in modern physics be used 
in preference to one covering only re- 
actor theory. This is in line with the 
basic recommendation of teaching 
fundamentals where possible in pref- 
erence to specific applications. Some 
thought should also be given to asso- 
ciating or comparing the principles of 
modern physics with those of classical 
physics and mechanics. For example, 
the Newtonian expression for kinetic 
energy can be shown to be an ap- 
proximation of Einstein’s mass-energy 
law. 

It is recommended that the mechan- 
ical engineering course be weighted 
heavily with fundamentals. This 
would imply that applications should 
be taught mainly to assist in the un- 
derstanding of basic concepts and 


| 
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scientific principles, and to illustrate 
the engineering method. Courses like 
metallurgy should only include funda- 
mentals, which will furnish a founda- 
tion on which the nuclear engineer 
can develop deeper understanding as 
new experience becomes available to 


him in his field. 


Elective Courses Possible 


Poincaré, the French mathematician 
and philosopher, observed ? that it is 
impossible to study the works of the 
mathematicians without noticing two 
opposite kinds of minds. The one sort 
are all preoccupied with logic, and 
they apparently advance step by step 
in a problem solution. The other sort 
are guided by intuition, and they at- 
tempt to arrive at a solution with a 
quick but sometimes precarious stroke. 
Many of us may have observed similar 
tendencies in engineers. We might 
distinguish these two types as analysts 
and synthesists. In the development 
of many engineering components, the 
engineering is relatively simple, so 
that the arts of the synthesist, that is, 
the one who brings things together to 
create a design, and of the analyst, or 
the evaluator, are combined. Assur- 
ance that the design will operate suc- 
cessfully can be gained by relatively 
simple calculation, by testing, or by 
referring to experience. 

In nuclear engineering, however, 
where experience is lacking, where 
testing is expensive, and where safety 
requirements and the high cost of re- 
pair due to radioactive inaccessibility 
put a high premium on reliability, the 
importance of analysis increases. This 
necessitates a high degree of analyt- 
ical training and a knowledge of spe- 


1H. Poincare, Foundations of Science, 
translation by G. Halsted, p. 210, Science 
Press, Lancaster, Pa., 1946. 
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cialized techniques for engineering 
evaluation. It has been my observa- 
tion that engineers tend to develop 
either as synthesists with broad in- 


‘formation, or as specialists and an- 


alysts with detailed knowledge of a 
few particular fields, such as_ heat 
transfer or other branches of applied 
mechanics. I do not mean to infer 
that some engineers do not combine 
these talents. It is difficult, however, 
to find an engineer who becomes out- 
standing in both fields. It is possible 
that these differences in engineering 
function of the analyst and synthesist 
should be recognized by offering a 
small number of differently-directed 
elective courses. 

Designs will be created primarily 
by the synthesists. The potential de- 
signer must be taught the creative ap- 
proach? and should be given home- 
work assignments which require exer- 
cising the imagination and extensive 
library work. An avid thirst for 
knowledge was one of Thomas Edi- 
son’s traits. 
an attempt to keep up with technical 
advances both in this country and 


abroad. Homework problems requir- | 
ing extensive library work are in- | 
tended to introduce the student to the | 
great reservoir of information avail: | 
able in libraries, government publica- | 


tions, and trade journals. 


The analyst, on the other hand, will | 


contribute to the project primarily as 
an evaluator of designs. 
his creative satisfaction from synthe: 
sizing principles and techniques of 
mathematical logic, and would profit 


He read extensively in | 


He derives | 


2 See, for instance, “Developing a Useful 


Imagination,” by E. K. Von Fange, Generil 


Electric Review, September 1955, p. 5% 4 
and “Solving Engineering Problems,” by © | 
F. Hix and D. L. Purdy, Machine Design, | 


October 1955, p. 242. 
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by being offered courses in higher 
mathematics as well as special tech- 
niques in numerical analysis. 


Study of the Humanities 


Engineering education for the nu- 
clear engineer must also include stud- 
ies of the humanities. Since nuclear 
technology produces effects on both 
a national and an international scale, 
those men who will eventually be- 
come leaders must develop a broad 
social perspective. The colleges can 
serve to establish a foundation upon 
which further development can pro- 
ceed effectively. 


Conclusion 


I am grateful for the opportunity to 
express my views. That I have rec- 
ommended a strengthening of the 
mathematics and basic sciences under- 
lying engineering education is prob- 
ably in agreement with most recom- 
mendations from industry, especially 
in the new fields of commercial appli- 


cation. It is my impression that these 
goals are mutually acceptable to engi- 
neers and engineering educators. The 
problem seems to be primarily in find- 
ing the best ways to achieve these 
goals as presently defined. 

Furthermore, my recommendations 
do not by any means imply a five-year 
undergraduate program. I personally 
favor the four-year program as a 
satisfactory compromise not only for 
those who will be engaged in fields of 
engineering such as manufacturing 
and sales, but also for those who will 
eventually pursue purely technical 
development. 

I recognize that engineering educa- 
tion is a dynamic activity, always 
seeking to improve. Much of this im- 
provement will no doubt come by the 
experimental process and by investi- 
gation to see how various educational 
programs answer the needs of indus- 
try. I hope I have been able to add 
something to your information about 
the needs in nuclear engineering. 


EDUCATIONAL REQUIREMENTS 
FOR TECHNICAL EDITORS 


TECH. EDITOR for large engr. firm 
M.E. Deg. required. Writing exp. 
or training not essential. Box 707. 


This advertisement is typical of 
many attempts to fill a relatively mod- 
est, but persistent, demand for people 
who can write and edit technical ma- 
terial. Such advertisements reflect a 
tendency among employers to specify 
that technical editors must be engi- 
neering graduates. There are definite 
disadvantages, however, to restricting 
the source of technical editors in this 
way, for experience has proved that 
there are other desirable sources of 
such talent. 

The pro-engineer side of the argu- 
ment has been presented by Hamlett 
(1) of Sperry Gyroscope and by Me- 
Daniel and Scarlott (2) of Westing- 
house. Their stand is backed by S. P. 
Olmsted (3) in describing the Rens- 
selaer Polytechnic Institute graduate 
curriculum leading to a Master of 
Science degree in technical writing. 
This program is “based on the as- 
sumption that a full undergraduate 
engineering education, or an equiv- 
alent education in science, is a pre- 
requisite to a career in technical writ- 
ing.” Rensselaer goes so far as to put 
out the “unwelcome” mat for certain 
liberal arts graduates: “No English 


majors need apply” (3). 

But do engineers actually make the 
best technical editors? Are the per- 
sonal qualities and training that make 
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P. J. KALSEM 


Engineering Division 
The Glenn L. Martin Company 
Baltimore, Maryland 


a man a good engineer the same ones 
that would make him a good writer 
or editor? I am inclined to doubt it, 
although I cannot point to extensive 
psychological studies of this problem. 
At any rate, the work of the engineer 


and that of the editor are substan- | 


tially different, and it is reasonable to 
assume that the qualifications may 
also be different. 

The engineer has basic responsibil- 


ities in analysis, design, or testing; to | 
him, communication is an important | 


but “sideline” activity in which he is 
seldom fully trained or experienced. 
His training and background have 


taught him to be adept, or most | 
adept in communication via blue | 


prints, mathematical equations, and 
graphs or charts. 


The editor, on the other hand, is | 


almost wholly engaged in the com- 


munication of ideas, with emphasis on | 
the printed word and accompanying | 
As an editor, he must | 


illustrations. 
have enough background to under. 


stand the engineering ideas con | 
cerned, but his primary attribute is | 
the ability to communicate them | 


effectively to his readers. 


In writing about the qualifications | 


of technical editors, Dwight E. Gray 
(4), of the Technical Information Di- 


vision, Library of Congress, states that | 
a technical editor “should have had | 


enough formal training . . . first, t0 


give him an appreciation of science | 
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EDUCATIONAL REQUIREMENTS FOR TECHNICAL EDITORS 


and an understanding of the ground 
rules by which scientists operate and, 
second, to enable him to follow with 
reasonable intelligence the trend of 
thought in most of the reports that 
come to him for editorial diagnosis 
and treatment.” This requirement 
certainly does not indicate the neces- 
sity for completing a full engineering 
or science curriculum as we know it 
today in most colleges. 

The problem hinges partly on what 
industry requires of a technical editor. 
In many companies, the editor is con- 
sidered an important part of the or- 
ganization, and this is now reflected 
in the excellent financial opportunities 
available to him. Consider the typ- 
ical case of an editor employed in the 
publications section of a laboratory 
or engineering department. If he has 
a true perspective, he realizes that his 
is a service function. 

In one sense, he stands midway be- 
tween the engineer-author and the 
reader, representing each to the other 
and serving the interests of both. In 
another sense, the engineer and the 
editor can be thought of as an entity: 
the efforts of both are combined to 
secure the most effective final result. 

In a typical situation, the basic ma- 
terial is supplied by the engineer, gen- 
erally in rough draft, and “writ by 
hand.” Typical weaknesses in such 
rough drafts include incomplete sum- 
maries and introductions, poor ar- 
rangement of material, confusing 
paragraphs or sections, mistakes in 
grammar, inconsistencies in style, 
“deadwood” or wordiness, and lack 
of suitable illustrations. 

To correct these weaknesses, the 
editor tackles the paper with his blue 
pencil, interviewing or challenging 
the engineer as needed. The rough 
draft is passed back to the engineer 
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with editorial “improvements,” some 
of which may not be satisfactory to 
the author. The material continues 
to be so exchanged for re-working 
and discussion until both engineer 
and editor are satisfied and, theoret- 
ically, the best interests of the reader 
have also been served. 

Suppose, however, that the engi- 
neer and the editor are nearly iden- 
tical in personal traits, and that both 
are trained as electronics engineers. 
Ideal communication would then exist 
between engineer and editor. The 
editorial process is relatively short 
and no one suffers, that is, no one ex- 
cept the neglected reader who more 
often than not will be a financial ex- 
pert, engineering manager, or military 
administrator—without a_ technical 
background. 

It is clear the reader would be bet- 
ter represented by an editor with 
broad training and knowledge, which 
includes not only editorial tools and 
engineering fundamentals but a knowl- 
edge of business administration, law, 
economics, and other social studies. 

Also, in the case of progress reports 
and proposals, the author is not just 
one engineer, but a group of special- 
ists in several different fields. Here 
again a broad background is advan- 
tageous to the editor. He must take 
writing with many individual differ- 
ences, iron out the inconsistencies, and 
present a united front in the final 
effective product. 

Examples of technical or semi- 
technical writing addressed to readers 
without extensive engineering train- 
ing are numerous: over-all design 
summaries, progress reports, propos- 
als for new business, documentary 
motion pictures, articles for submis- 
sion to journals, oral presentations to 
administrators, training manuals and 
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handbooks. To such papers the edi- 
tor with proper training can contrib- 
ute a great deal; he can both comple- 
ment the enginer and compensate 
for the engineer’s weaknesses. - 

The less technical the reader, the 
greater will be the effort required of 
the editor. In extreme cases, the edi- 
tor may do the entire writing job— 
basing it, of course, on interviews 
with the engineers. 

At the other extreme, where an en- 
gineer is writing to fellow engineers 
(for instance, an aerodynamicist writ- 
ing to other aerodynamicists on air- 
plane drag analysis), the editor may 
merely supervise the report organiza- 
tion, style, and publication process— 
in many instances, a minor profes- 
sional task. 


Subject Knowledge Important 


It is true, however, that a knowl- 
edge of the product or subject is im- 
portant to a writer or editor. He can- 
not do a satisfactory job if he isolates 
himself completely from the engineer 
and the hardware. Yet, in his role of 
representing the reader, he need not 
know every detail known to the engi- 
neer; in fact, too much specialized 
knowledge of details may prove to be 
a handicap. At the Martin Company, 
our editors obtain this degree of first- 
hand product knowledge by working 
in the same physical location as do 
the engineers on a project, by attend- 
ing project meetings, and by field 
trips to inspect customer activities. 


What and Who? 


What, then, are the best sources of 
technical writers and editors? Who 
can satisfactorily fill the editorial posi- 
tions found in industry? 

First of all, we must not discount 
the value of honest-to-goodness edi- 
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tors who have engineering degrees, 
But they should be engineers who 
have elected to study the written and 
spoken language and who are more 
interested in communicating by words 
and other publishing devices than by 
purely technical means only. Such 
training can be accomplished in a 
five-year undergraduate program and, 
to some extent, in the general engi- 
neering programs which have liberal 
policies on elective courses. If they 
do not have the benefit of military 
training, liberal arts majors who want 
to become technical editors should 
take a carefully chosen group of engi- 
neering and science electives. 

A Utopian solution proposed by C. 
K. Arnold (5) is to establish a new 
curriculum that includes “basic train- 
ing in the tools of both the editor and 
the scientist. . . .” Such a program 
might be administered either in engi- 
neering, or in a liberal arts or science 
department with the close coopera- 
tion of the engineering faculty. 

Yet it is doubtful if the universities 
will add a new program of this type 
until (a) industry convinces them that 
there is a continuing demand for tech- 
nical editors and (b) high school stu- 
dents, teachers and vocational coun- 
sellors, becoming fully aware of the 
opportunities, provide the required 
number and type of students. Fur- 
ther, it is possible to modify exist- 
ing technical journalism programs to 
achieve the same objectives as the 
curriculum proposed by Mr. Arnold. 
Iowa State, for example, offers a 
minor sequence in journalism for en- 
gineers and an M.S. degree in engi- 
neering journalism. 

To date, however, technical jour- 
nalism programs have been slanted 
mainly toward the technical press and 
industrial advertising. These curric- 
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ula are almost evenly divided among 
three groups of subjects: (a) tech- 
nical journalism, English, and other 
“communications” subjects; (b) spec- 
ified physical and social sciences; and 
(c) electives or options. 

These programs would also be use- 
ful in training technical editors if the 
electives were taken in engineering 
and if some of the journalism courses 
specifically took into account the more 
recently determined needs of indus- 
try. Typical programs that would be 
satsifactory are science journalism as 
offered at Iowa State and technical 
journalism as offered at Kansas State. 
These programs can provide not only 
basic editorial training, but sound 
schooling in the physical sciences and 
engineering—as well as a good knowl- 
edge of the social sciences. The lat- 
ter is particularly helpful in compen- 
sating for the weaknesses of typical 
engineering personnel. 

To get full value from these sources, 
industry and the universities should 
get together (a) to establish more 


EJC PROCEEDINGS 


clearly the requirements of industry; 
(b) to make the opportunities known 
to high school students; and (c) to 
determine the personal qualifications 
that make for success in this unusual 
combination of a science and an art. 
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WHY DO ENGINEERS DISLIKE 
TECHNICAL WRITING? 


H. M. FRIEND 


Formerly with Technical Publications 
Bell Aircraft Corporation 
Buffalo, New York 


Retired; present address Route 2, Box 646, Theodore, Alabama 


Why do engineers who produce such outstanding technical work 
do a poor job when writing about it? There are many theories; 
one says it is the fault of engineering education, another that the 
engineer himself has a bad psychological attitude toward writing. 

This subject was discussed with engineers who do technical 
writing, and engineering executives were asked their opinions 
through a questionnaire. 

The engineers who wrote generally said they didn’t like to do so. 
Their reasons were varied, but in main were that they considered 
writing “busy work” of little importance, had never been properly 
trained in writing and found it confusing, and, accustomed to 
dealing with tangibles, found words and thoughts abstractions 
difficult to handle. 

Engineering executives were chosen from both business and 
education. They all felt engineering writing was poor and agreed 
that engineering education did little in encouraging a student to 
write more effectively. Most executives questioned said technical 
writing comes hard because it is, in a sense, anticlimactic. Coming 
as it does after a project is finished, the engineer is impatient with 
writing up a past project and wants to get started on another 
problem. 

A few executives mentioned that engineers are attracted to 
engineering in the first place because they have aptitudes in science 
and mathematics, and little liking for English. They can’t see where 
writing proficiency will help them much in their chosen work, either. 

A few men agreed technical writing was doubly difficult because 
the precise and constricted style necessary for accuracy is very 
boring. One man mentioned that companies employing engineers 
usually minimize the importance of technical writing. The majority 
of employees, he says, show actual contempt for “pencil pushing” 
and thus indoctrinate the already prejudiced engineer against 
technical writing. 

In conclusion, it can be seen that the engineer’s psychological 
barrier against technical writing must be removed before any im- 
provement can be hoped for in his product. This can be done first 
of all in schools by offering courses in writing that stress how 
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interesting expressing yourself can be. If a student likes to write 
in the first place, professional and technical composition will come 
. much more easily for him. Also, companies should realize the 
ND | importance of well-written technical material and encourage in 
this direction, with praise and advancement, any employees who 
ions have training or aptitude for expression. 
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MICROWAVE ENGINEERING: 
HOW A NEW COURSE IS ADOPTED 


The following observations are 
based on the results of a survey con- 
ducted by the writer during 1954- 
1955 with a view to establishing the 
scope of college-level instruction in 
microwave (ultra-high-frequency ) en- 
gineering, and making an estimate of 
the rate at which this important new 
subject has been entering the curric- 
ula of American engineering schools. 

The survey was the outgrowth of 
an earlier one,! in which graduate cur- 
ricula in electrical engineering were 
reviewed and certain educational 
trends were noted. In the earlier sur- 
vey, some thirty electrical-engineering 
topics were listed by the various in- 
stitutions as fields of specialization, 
but the answers could not be readily 
interpreted to provide any informa- 
tion regarding the degree of special- 
ization or the development of the 
several subjects. 

In the present survey, an attempt 
to obtain such information in a sta- 
tistically significant form was made 
by selecting one of these subjects and 
making a detailed inquiry into its his- 
tory and present status in engineering 
education. Many of the findings can 
be doubtless extended to apply to any 
engineering specialty, so that this 
procedure may be considered to be 
equivalent to a poll of a representa- 
tive “sample” of engineering institu- 
tions. The subject selected for this 

1G. R. Arthur and C. Siisskind, “Report 


on Graduate Curricula,” Proc. Inst. Rad. 
Eng. 41: 1952-3 (1953). 


CHARLES SUSSKIND 


Assistant Professor of Electrical Engineering 
University of California, Berkeley 


particular sampling, microwave engi- 
neering, was picked partly because of 
the author’s personal interest in it, but 
also because it represents a fairly new 
field—and yet one that has been with 
us long enough to become firmly es- 
tablished in the curriculum. 


Institutions Polled 


Questionnaires asking for informa- 
tion regarding courses and enroll- 
ments in the pertinent subjects, lab- 
oratory facilities, and textbooks pre- 
scribed or recommended, were sent to 
152 institutions offering degrees in 
electrical engineering, of which 135 
have curricula approved by the Engi- 
neers Council for Professional Devel- 
opment (ECPD). Fully 147, or 97 
per cent, returned the filled-in ques- 
tionnaires. A preliminary evaluation 
quickly showed that from the view- 
point of instruction in microwave en- 
gineering, each reporting institution 
could be readily assigned to one of 
three groups: 


Group I: Several courses specifically 
devoted to microwaves, making up 4 
considerable portion of the total elec- 
trical-engineering program. 10 insti- 
tutions: Brooklyn Polytechnic Insti- 
tute, California, Illinois Tech, Illinois, 
M.L.T., Michigan, Northwestern, Ohio 
State, Stanford, and Yale. 


Group II: One or two microwave j 
courses, usually with small enroll | 
ments, and constituting a relatively | 


small portion of the over-all program. 
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62 institutions: Akron, Alabama Poly, 
Arizona, Arkansas, Brown, Buffalo, 
C.C.N.Y., Caltech, Cal. Poly, Cincin- 
nati, Clarkson Tech, Colorado A. & M., 
Connecticut, Cornell, Dayton, Dela- 
ware, Drexel Tech, Fenn, Florida, 
Harvard, Iowa State, Iowa, Johns 
Hopkins, Kansas, Kentucky, Lafayette, 
Louisiana State, Loyola (L.A.), Mary- 
land, Michigan M. & T., Michigan 
State, Milwaukee, Minnesota, Missis- 
sippi State, Missouri Mines, Missouri, 
Montana, New Mexico A. & M., New 
Mexico, Newark, North Dakota, 
Northeastern, Notre Dame, Ohio U., 
Oklahoma A. & M., Oklahoma, Penn- 
sylvania Mil. Coll., Penn State, Prince- 
ton, Rensselaer, Seattle, U.S.C., Texas 
A. & M., Toledo, Tufts, Utah State, 
Utah, Villanova, Virginia Poly, Vir- 
ginia, Washington, and Wisconsin. 
Group III: No courses devoted en- 
tirely to microwaves. 75 institutions. 


No Special Courses at Most Schools 


The size of Group III is one of the 
more interesting results of the survey: 
more than half of the electrical-engi- 
neering departments in America have 
scheduled no courses comprising ex- 
clusively topics in microwave engi- 
neering. (This group includes, how- 
ever, 11 of the 17 reporting institu- 
tions with curricula not approved by 
ECPD.) About half a dozen are 
planning to offer such a course within 
a year or two, and a few belong to 
universities at which sizable micro- 
wave programs are being carried on 
by the physics department (e.g., Ala- 
bama and Duke). 

Virtually every school in this group 
has a place for microwave topics 
somewhere in its curriculum. Accord- 
ing to replies to one part of the ques- 
tionnaire, more than half teach the 
subject as a “predominant part of one 


or more electronics courses,” either on 
the undergraduate or graduate level; 
most of the others teach microwaves 
as a “minor part of one or more elec- 
tronics courses,” and only a handful 
“not at all.” There is some evidence, 
from replies to a question inviting 
comments, that several of the EE de- 
partments in Group III have deliber- 
ately avoided setting up a separate 
microwave-engineering course. The 
comments, which range in tone from 
apologetic to irascible (“. . . do not 
approve such a division on a fre- 
quency basis—poor way to_ teach 
... ), make it obvious that not all 
the institutions in Group III are in 
this group solely because of a lack of 
facilities or qualified teaching person- 
nel, although this appears to be the 
case for most of them. 


Degree of Specialization 


The remaining schools (Groups I 
and II) appear not only to have rec- 
ognized the various advantages of 
teaching microwave engineering as a 
separate subject but—what is perhaps 
more important—were able to achieve 
this separation by virtue of superior 
facilities and larger budgets. It is 
certainly no coincidence that Groups 
I and II include a far greater num- 
ber of the larger engineering colleges 
than Group III, which consists pre- 
dominantly of smaller and less well- 
established institutions. The size and 
total endowment of the institution 
are not always the significant factors 
in this respect, to be sure; but the re- 
plies to a question asking for an esti- 
mate of the dollar worth of test equip- 
ment used in the instruction labora- 
tories for (a) general electronics and 
(b) microwaves actually show that 
the EE departments of the schools in 
Groups I and II are on the whole 
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much better endowed than those in 
Group III. 

Nevertheless, whether an institution 
falls into Group I or II does not ap- 
pear to depend on size alone (though 
all schools in Group I have large en- 
rollments and very good engineering 
facilities ), but rather on several other 
factors that may or may not be the 
corollaries of large size, such as the 
availability of faculty members who 
have the training and the inclination 
to specialize in the particular subject, 
the extent of sponsored research in 
the department and elsewhere in the 
institution, and the history of the de- 
partment (i.e., how soon the subject 
was established). A comparison of 
the institutions in the top group with 
those in Group II suggests strongly 
that the development of a highly spe- 
cialized program in microwave engi- 
neering (and, by inference, in any 
other specialty) can be related to fac- 
tors such as the above, and hence may 
be influenced to a considerable extent 
by departmental policy on employ- 
ment, soliciting of research funds, and 
adjusting curricula to new demands. 

The higher degree of specialization 
does not manifest itself solely in the 
larger number of courses devoted to 
the subject, but also in the manner in 
which the subject is taught. The 
present survey sought to obtain a 
measure of instructional sophistication 
by listing 10 textbooks on microwave 
theory and measurements and asking 
which of these (or any other) books 
are prescribed or used as references 
at each school. The same three stand- 
ard textbooks (Brownwell and Beam, 
Theory and Application of Micro- 
waves; Ramo and Whinnery, Fields 
and Waves in Modern Radio; and 
Reich, Krauss, Ordung, and Skalnik, 
Microwave Theory and Techniques) 
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(PER CENT OF 1954 TOTAL) 
N @ 


NUMBER OF COURSES TAUGHT 
is) 


1939 42 45 48 ‘5 1954 
YEAR 


Fic. 1. Total number of courses in micro- 
wave engineering taught at Group I and II 
institutions, with 1954-55 as 100 per cent. 


are most frequently prescribed at 
schools in both Group I and II, but 
the more advanced works, such as 
Montgomery’s Principles of Micro- 
wave Circuits and Slater’s Microwave 
Electronics, are more frequently pre- 
scribed or recommended in Group | 
institutions. 


Rate of Adoption 


Replies to the questionnaires did not 
yield reliable information as to which 
school in America was the first to 
schedule a formal course devoted to 
ultra-high frequencies, particularly 
since not all of the reporting institu- 
tions were in a position to state when 
each course was first given. The sub- 
ject was doubtless taught as part of 


other courses very soon after oscil- j 
lators in this frequency range first be- | 
came available, in the late ‘thirties. | 
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tionnaires is 1939, several years before 
microwave engineering could have 
been said to constitute a significant 
part of the technology. The most re- 
liable measure of the rate at which 
the various institutions have been 
adopting microwave engineering as 
a separate subject since then may be 
obtained by tabulating the total (ag- 
gregate ) number of courses taught in 
any given year. This information, 
based on starting dates for over 100 
courses now being taught at Group I 
and II schools, is plotted in Figure 1, 
normalized to 1954-1955 as 100%. 

It can be seen that adoption got off 
to a slow start, probably owing to 
military restrictions on the subject 
during the war years, 1939-1945, 
when most new work in it was being 
done at special industrial or govern- 
ment-sponsored laboratories rather 
than in engineering colleges. Since 


_ then, the total number of courses be- 


ing given has climbed at a steady rate, 


and shows no sign of leveling off even 
after ten years. A further breakdown 
shows no significant difference in the 
rate of adoption between institutions 
in Groups I and II, although this find- 
ing cannot be considered to be wholly 
conclusive because of the small size 
of Group I (10 institutions). 

One conclusion is incontrovertible, 
however: our engineering colleges are 
very much alive to the challenge of 
a changing technology. A new topic, 
such as microwave engineering, has 
every chance of being included in the 
curriculum as fast as the demand 
arises. In fact, the results of the pres- 
ent survey indicate that engineering 
schools sometimes anticipate the de- 
mand and actually provide instruction 
in a new field even before it has had 
time to develop technologically, thus 
fulfilling their exalted function of 
leading in the progress of our civiliza- 
tion, rather than merely following the 
lead of others. 
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ON TEACHING PHYSICAL MECHANICS 


RAYMOND J. SEEGE 


Assistant Director ( Acting} 
National Science Foundatio, 
Washington 25, D.¢. 


Based on a paper given at the joint meeting of the American Society of Engineeriy 
Education (Physics Division) and of the American Association of Physics Teachers x 
Pennsylvania State University, June, 1955. 


As a college student I took a math- 
ematics course called “Analytical Me- 
chanics.” Such a title, I suppose, sug- 
gests an emphasis on an algebraic ap- 
proach to mechanics somewhat in the 
tradition of L. Euler's “Mechanica, 
sive Motus Scientia Analytice Ex- 
posita” (1736) and of J. Lagrange’s 
“Mécanique Analytique” (1788), as 
contrasted with the synthetical (geo- 
metrical) approach in I. Newton’s 
“Philosophiae Naturalis Principia 
Mathematica” (1686). You may re- 
call that Lagrange even boasted in his 
preface that “there are no figures in 
this work.” Who among us, indeed, 
has not experienced a thrill in realiz- 
ing the beauty of theoretical mechan- 
ics and the power of its analytic tech- 
niques! Mechanics, including celes- 
tial mechanics, is both the oldest and 
the most highly developed of the 
physical sciences—one of man’s great 
intellectual achievements. 

Physical mechanics,: as I use the 
term, is not this analytical (or ra- 


1M. Born, “Experiment and Theory in 
Physics” (1943). A. Einstein, “On the 
Method of Theoretical Physics” (1933). P. 
Frank, “Philosophy of Science” (unpub- 
lished notes 1955). R. B. Lindsay and H. 
Margenau, “Foundations of Physics” (1936). 
E. Mach, “System of Mechanics” (5th Eng. 
ed., 1942). A. Sommerfeld, “Mechanics” 
(Eng. ed., 1952). 
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tional) mechanics? as understood by 
the mathematician, nor is it applied 
mechanics * as used by the enginee 
(although I would certainly illustrate 
physical principles to some degre 
with concrete applications from engi. 
neering, as well as from astronomy 
and physics). It is interesting to com- 
pare J. L. Synge’s ¢ definition of math 
ematical physics: “The creation of a 
coherent mathematical theory with a 
sumptions clearly set forth is the pr 


mary object, physical interpretation in} 


terms of experiment being relegated 
to a secondary position.” 


better be termed applied mathematics 
It is certainly not physics, which mus 
always be rooted in phenomena. His 
other category termed “naturalistic 
physics” seems etymologically confus 
ing, but more akin to my concept 
physical mechanics. 
on “Partial Differential Equations it 


2 P. Appell, “Traité de Mécanique Ratior- 
nelle” (5th ed., 1926). 
“Mechanics” (1933). 
“Analytical Dynamics” (4th ed., 1937). 


3H. F. Girvin, “A Historical Appraisal of 
G. W. Housner 


Mechanics” (1948). 
D. E. Hudson, “Applied Mechanics” (1950) 


J. L. Meriam, “Mechanics” (1952). A. Pp 
Poorman, “Applied Mechanics” (4th ed.) 
1940). J. L. Singer, “Engineering Mechat| 


ics” (2nd ed., 1954). 
4J. L. Synge, “Geometrical Mechanic 
and de Broglie Waves” (1952). 
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Physics” A. Sommerfeld notes: “We 
do not really deal with mathematical 
physics, but with physical mathemat- 
ics; not with the mathematical formu- 
lation of physical facts, but with the 
physical motivation of mathematical 
methods.” M. Born properly con- 
cludes his “Experiment and Theory in 
Physics” as follows: “My advice to 
those who wish to learn the art of 
scientific prophecy is not to rely on 
abstract reason, but to decipher the 
secret language of Nature from Na- 
ture’s documents, the facts of experi- 
ence.” From the viewpoint that phys- 
ics is essentially the creative product 
of a physicist, physical mechanics 
stresses the critical understanding of 
mechanical phenomena by the scien- 
tific method, including the limits to 
which its successes can be extended 
toother phenomena. Through neces- 
sarily slow social acceptance, the sci- 
ence of yesterday becomes the com- 
mon sense of today and, as such, ap- 
pears to be self evident. First courses 
in mechanics, accordingly, are pecul- 
iarly susceptible of being taught from 
a dogmatic and over-simplified point 
of view. The present theories of mo- 
tion, on the contrary, have not always 
been accepted. As late as 1915 even 
E. Mach remarked, “I do not consider 
Newtonian principles a completed and 
perfected thing.” One must recognize 
the challenging frontiers of yesterday 
in order to be alert to the challenges 


Sey) inherent in the obvious of today. For 
Whittaker 
example, the equivalence of gravita- 


tional mass and of inertial mass was 


dence until A. Einstein saw in this 
fact a fundamental relationship be- 
tween gravitation and matter. 

In approaching physical mechanics 
as an endless frontier of research and 
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education,® therefore, I would empha- 
size: (a) an operational® point of 
view with respect to the world of 
(classical) mechanical phenomena; 
(b) the physical use of mathematics * 
with respect to the world of mathe- 
matical concepts; and (c) the mech- 
anistic philosophy ® of matter with re- 
spect to the world of physical theory. 

Let us consider, first, the opera- 
tional point of view with respect to 
the world of mechanical phenomena 
(less valuable in atomic phenomena 
where physical quantities are not 
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accessible to direct measurement). 
Any physics course, I would again 
urge, must be kept intimately related 
to observations, particularly quantita- 


tive ones. In making measurements. 


we are at once confronted with three 
primitive concepts, viz., length, time, 
and mass. 

The student should be introduced 
to the range of values for these quan- 
tities actually measurable in nature, 
viz., distances from (10)-? cm. for a 
nuclear radius to (10)?* cm. for the 
distance to the farthest galaxy, times 
from (10)-?° sec. for a nuclear life- 
time to (10)?! sec. duration between 
known ecliptic measurements to (10))?® 
sec. for estimated age of the uni- 
verse; masses from (10)-?? g. for an 
electron at rest to (10)*° g. for a star. 
He should be encouraged to wonder 
at these particular values and to have 
some appreciation of the different 
techniques employed to cover these 
gamuts. 

Take first the concept of length. I 
am using this term not as an a priori 
category, but rather as an experience 
in physical or public space—not in 
private or individual space, nor in 
mathematical or conceptual space. 
What do we mean by the length of a 
familiar object, say, the length of an 
iron rod? Let us measure it in terms 
of some arbitrary unit. Evidently the 
answer we obtain depends upon the 
physical conditions of the rod at the 
time of measurement: its temperature, 
the gravitational field, the electric 
field, the magnetic field, et al. All 
that we mean physically by the length 
of such a body, then, is the answer we 
get in following certain prescribed 
procedures of measurement under 
specific physical conditions. The pro- 
cedures, moreover, may be quite dif- 
ferent, as in the case of a length like 


the distance from the earth to the 
moon. To determine the distance to 
the moon one employs essentially the 
method of triangulation familiarly 
used with a surveyor’s theodolite. Be. 
cause of the inaccessibility of the 
moon, however, we must supplement 
direct observations with some theoret- 
ical interpretations. For example, the 
calculations depend upon the optical 
laws involved in the propagation of 
light and upon the geometrical the. 
orems applied. This method of length 
measurement, therefore, is operation. 
ally different from the one previously 


used. What about the resulting con- | 


cept of length? Is it the same in each 
instance? Let us regard still another 
case, say, the diameter of an electron? 
Here we not only have no method 
of direct observation, but we cannot 
even see the object. Our method of 
measurement, therefore, is still more 
indirect. Now we have to rely on 
the use of electromagnetic theory with 
its complicated effects for high-speed 
motion. Hence we have distinctly 2 
third operational procedure. Strictly 
speaking, these three different meth- 


ods of measurement imply three dif- | 


ferent concepts of length. It is only 
because of their equivalence under 
the same limiting conditions that we 
are justified in postulating a common 
concept of length. It is not that the 
length of any body ever changes but 
rather that different methods of meas 


urement may be used so that omt| 


seeks to obtain a value for the length 


satisfactory for all (the restricted the} 
ory of relativity postulates this invar'| 
ance for systems moving uniformly) 


relative to each other). 
It can be shown that the postulate 


of the constancy of the speed of ligti| 
in vacuo for systems moving ul'| 


formly relative to each other demand 
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that the measured length of a rod 
moving lengthwise be less than that 
of the rod at rest. Hence in relativ- 
istic mechanics a rigid body takes on 
different characteristics which can no 
longer be described by ordinary Eu- 
clidean geometry. For example, the 
ratio of the circumference of a uni- 
formly rotating disc to its radius is 
equal to 27 only for a small radius, 
where the linear speed is small with 
respect to the speed of light, so that a 
disc cannot generally be regarded as 
a Euclidean rigid body in the classical 
mechanical sense. By assuming non- 
Euclidean axioms, however, we can 
make a new definition of a rigid body 
which reduces to the familiar one for 
small speeds (i.e., in the limit for zero 
speed ). 

We find a similar problem pre- 
sented to us in the case of time. Even 
the seemingly self-evident concept of 
simultaneity is found to be fraught 
with difficulties which stem from the 
finite, constant speed of light which 
is found to be independent of the rela- 
tive motion of observed and observer. 
Just as rods appear to be shorter if 
measured when moving than when at 
rest, so clocks seem to be slower when 
moving as compared with their read- 
ings when at rest. Thus even obvious 
concepts like time and length need to 
be examined carefully from a modern 
operational point of view. 

We recall, moreover, that ever since 
the day of Descartes, who reduced 
Aristotle’s primary qualities to exten- 
sion in space and duration in time, 
description of matter and motion has 
been formulated in these terms, to- 
gether with the concept of mass, 
which is involved in the fundamental 
laws of motion. 

Newton’s laws of motion have been 
regarded by some as conceptual def- 
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initions and by others as experimental 
facts. In view of the complex nature 
of modern theory, it is probably pref- 
erable to regard them somewhat like 
axioms in geometry (as an earth sci- 
ence) and to speak of them as prin- 
ciples of motion. The impracticability 
of giving direct descriptions of ob- 
served phenomena today necessitates 
such a formal (axiomatic) system with 
indirect descriptions. The laws of 
motion are to be regarded then as es- 
sentially free creations of man’s mind; 
they are not uniquely determined by 
the world of phenomena. From these 
axioms, of course, one can make for- 
mal deductions in accordance with 
logical rigor—what might be properly 
called analytical mechanics. It is evi- 
dent, however, that such a process 
would be physically meaningless with- 
out some relations between the ideal 
concepts and the actual phenomena; 
i.e., without operational significance. 
From this point of view let us consider 
each of the laws of motion. 

Galileo arrived at his conception of 
inertia by watching the motion of a 
ball on a smooth, inclined plane. 
When the plane was inclined upward, 
the ball would stop; when it was in- 
clined downward, the ball would ac- 
celerate. It was natural to suppose 
that for an infinite, horizontal (nor- 
mal to the earth’s gravitational field ) 
plane without friction the ball would 
continue to move without a change in 
velocity. It was actually Newton who 
first formulated the generalization of 
this experience as we know it today. 
The first law of motion is not insig- 
nificant as some have supposed; rather 
it is actually the most fundamental 
and, hence, rightly first. The law ap- 
pears simple; but it is quite complex. 
It states: “Every material body re- 
mains in a state of rest or of uniform 
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rectilinear motion unless compelled 
by forces acting on it to change its 
state.” In a current popular text on 
applied mechanics, we read this in- 
terpretation of the law: “We define 
force by Newton’s first law as an ac- 
tion which tends to change the mo- 
tion of a body.” This anthropo- 
morphic conception of force is typical 
of the attitude found in many engi- 
neering texts. A physicist would cer- 
tainly object at once to any such 
negative statement being a positive 
definition. This first law may well de- 
scribe vaguely a state without force; 
this fact, however, does not enable one 
to characterize precisely a state with 
force. Newton’s own statement, in- 
deed, is physically meaningless with- 
out specifying just how one recognizes 
an unbalanced force, or rectilinear 
motion, or even a state of rest. In 
other words, this statement of the law 
is predicated upon a physical system 
of reference. Is the earth such a 
proper system? J. L. Foucault’s pen- 
dulum experiment showed that the 
earth is changing its position relative 
to that of the pendulum, and hence to 
the fixed stars. How about the fixed 
stars themselves? Would they serve 
as a physical system of reference? 
Here, too, we now recognize proper 
motions even in “fixed” constellations. 
Strictly speaking, we can regard the 
earth as a system of reference in a 
first approximation; the fixed stars as 
such a system in a second approxima- 
tion, etc. In this way we may define 
an ideal “inertial system,” which rep- 
resents an arbitrary formal (logical) 
convention, and which, in turn, will 
be practically useful only if it can be 
identified operationally. The law of 
inertia itself, however, does not tell 
us how to identify such an inertial 
system. 
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Newton’s second law of motion 
states that “The change in motion 
[momentum] is proportional to the 
force acting and takes place in the 


.direction of the straight line along 


which the force acts.” In the above- 
quoted text one finds this interpreta- 
tion: “The concept of force is made 
quantitatively precise by the defini- 
tion that a unit force produces unit 
acceleration of a specified standard 
body . . . the mass of a body may 
now be defined by Newton’s second 
law as the ratio of the force acting 
on the body to the resultant accelera- 
tion.” It is evident in any case that 
a single relationship between force 
and mass cannot be used quantita- 
tively for the definitions of both. One 
can express the so-called law of ac- 


celeration by the following equations. | 


F =kma, 
or 
F = ma, fork = 1, 


where F signifies the unbalanced force, 
m the mass of the body (or system), 
a its acceleration, and k a constant of 
proportionality. This form of the law 


is restricted to constancy of mass; the | 
more general statement involves time- | 
rate of change of momentum. We | 
note that an inertial system is required | 
here, too, for the operational specifi- | 
cation of acceleration (i.e., accelera- | 


tion with respect to what body or 
system? ). 
three quantities independently, one 
then has an experimental law. It was 


first suggested by G. Kirchhoff that | 
force should be regarded as merely | 
a name for ma; it was later empha- | 
sized by H. Poincaré that this defini- | 
tion itself is purely a conventional | 
matter. In any case the statement is i 
physically meaningless without an op: | 


erational definition of force, too. 
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For a constant force, one finds the 
well-known formula that s = 14 gt? for 
the distance s traversed by a body 
starting initially from rest at some 
point in a uniform gravitation field 
chosen as the origin (g is the accelera- 
tion due to gravity). If the gravita- 
tional force on a body varies inversely 
as the square of its distance from a 
fixed point of attraction we find that 
the orbit is elliptic. _Newton’s law, 
of course, can be applied also to elec- 
tric and magnetic forces. In any case, 
the path of motion is determined by 
integrating the equation of motion, 
which is all important. In general, by 
specifying the force F as a function of 
the coordinates, Newton’s second law 
gives the acceleration of a body “sim- 
ply” with respect to the coordinates, 
ie., for a given inertial system. The 
structural content of the second law, 
therefore, is not specifically F = ma 
(or generally F =d/dt(mv)), but 
rather the acceleration a as a func- 
tion of the coordinates. Some in- 
dividuals have spoken of a fourth law 
of motion (actually given as a corol- 
lary by Newton) in that each of sev- 
eral forces, acting simultaneously on 
the same body, is independent in caus- 
ing the resultant effect, which can be 
determined for all by vector addition. 
For zero acceleration, of course, one 
obtains the well-known principle of 
conservation of momentum by inte- 
gration with respect to the time. The 
principle of conservation of mechan- 
ical energy, in turn, follows from spa- 
tial integration of the general equation. 

“Action always equals reaction” is 
the simple, but easily misunderstood, 
statement of Newton’s third law of 
motion. Specifically, it means that 
the acceleration of a body does not 
occur alone in nature, but always in 
association with the acceleration of 
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at least one other body—action of one 
body on another body and the reac- 
tion of the latter on the former. (This 
law, accordingly, determines the en- 
tire field of structural statics—rarely 
mentioned in engineering texts.) Let 
us examine its general significance. 

First of all, it is the third law that 
makes possible an operational defini- 
tion of mass—not the second law. For 
example, in the case of two bodies 
acting upon each other, one observes 
that the ratio of their acceleration is 
constant, independent of the force in- 
volved or of the velocities of the 
bodies, et al. This constant may be ex- 
pressed as the ratio of two other con- 
stants, each of which is peculiar to its 
respective body, and which, therefore, 
may be regarded as its mass (deter- 
mined uniquely for an arbitrary “stand- 
ard” mass). This mass is independent 
of external circumstances; it may be 
regarded as a measure of the body’s 
inertia. The product of the mass and 
acceleration, on the other hand, is in- 
dependent of the body itself and thus 
may be looked upon as a measure of 
the external force on it. The opera- 
tional definition of mass together with 
this operational definition of force 
(ma in terms of the coordinates), 
and with the operational definition of 
acceleration, makes the formal state- 
ment of the second law actually de- 
scriptive of mechanical phenomena 
and hence truly a physical law of 
nature. 

The physics of the problem consists 
primarily in the formulation of the 
equation, including some mathemat- 
ical guessing, and in the recognition 
of appropriate conditions to be sat- 
isfied by the solution—the rest is tech- 
nical mathematics. One must be care- 
ful to distinguish physical essence from 
various modes of mathematical rep- 
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resentation. The number of specific 


physical conditions must equal the. 


number of such arbitrary quantities 
for a real physical solution to the 
problem. 


Secondly, if one considers large 


velocities, one finds it convenient to 
express the second law as an incre- 
ment of the speed Av proportional to 
the increment of time At involved 


thus: 
Av = (F/m) At. 


For constant force F the speed wv 
would increase without limit, which 
is contradictory to the principle of 
restricted relativity. In this case, 
therefore, the ratio of force to mass 
must simultaneously decrease in order 
that the speed v remain always less 
than the speed of light. In other 
words, the measured mass cannot be 
constant; it must necessarily increase 
with speed—and is actually observed 
to do so. Here we are likely to be 
confused by our own naiveté that 
mass is a measure of quantity of mat- 
ter. We need a new operational def- 
inition of mass, which will agree with 
the older, simpler concept for small 
velocities, the latter mass being usu- 
ally called the “rest mass” m, for the 
limit of zero speed. What is more, 
the ratio of the force on a body to its 
acceleration is observed to vary with 
the relative directions of the force 
and of the velocity of the body: for 
example, the measurement of the 
force transverse to the motion of a 
body is different from that obtained 
parallel to it. The vector sum (mv) 
of all momenta for interactions within 
a system is found to remain constant 
only for the transverse measurement, 
provided there are no external influ- 
ences. Accordingly, in order to pre- 
serve the principle of conservation 
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of momentum, one chooses now the 
transverse measurement F'/a as a new 
operational definition of mass. This 
new mass, called the “apparent” or 
“relativistic” mass, is related to the 
rest mass as follows, for v is small 
relative to c: 


Kinetic Energy 
Cc? 


m=m, + 
where c is the speed of light. Because 
of its relation to the original ratio 
m = F/a, the relativistic mass can be 
regarded as a possible successor to 
Newtonian constant mass m,. If we 
observe uranium fission, however, we 
observe an increase of the kinetic 
energy of the nuclear fragments with 
a corresponding decrease of the total 
rest masses—the sum of the apparent 
masses remaining constant (principle 
of conservation of mass). Hence we 


find ourselves now preferring relatiy- | 


istic mass as a new operational defini- 
tion inasmuch as more theorems of 


Newtonian mechanics will be unaf- | 


fected by this choice. 


The idea of a system with variable | 


mass, to be sure, is not restricted 
to relativistic considerations. 
previously cited text one reads, “It is 


important to note that Newton’s sec- | 
ond law refers to a specific body and | 
does not refer directly to a system | 


which is losing or gaining material.’ 
This statement itself is somewhat 
loose in more ways than one. In the 


first place, is one thinking of a rigid | 


body or of a deformable body? Sec 
ondly, let us consider a system like 4 
sprinkler wagon or an interplanetary 
rocket with continuous exhaust. In 
applying Newton’s second law we call 


either add to the change in momentut | 


contained in the body the momentum 


convectively added or given off pet | 
unit time, or we can regard the recoil | 
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momentum gained or lost per unit 
time as a kind of external force. In 
either case, the second law of motion 
will certainly be applicable to this 
system losing (or gaining) material; 
the mathematical terms, however, 
have to be interpreted physically. 
Inertial systems as now understood 
refer to systems moving uniformly rel- 
ative to each other, for which New- 
tonian mechanics holds in its relativ- 
istic (restricted) form. The problem 
of formulating physical laws for every 
coordinate system has been solved by 
the theory of general relativity. The 
fact that inertial mass and gravita- 
tional mass are equal is here regarded 
as fundamental—not accidental as in 
classical mechanics. It would take us 
too far afield to develop this concept 
here. Suffice it to indicate the con- 
nection in an idealized experiment 
with an elevator. From the top of 
a super-skyscraper the supporting ca- 
ble of an elevator breaks—unknown to 
the occupants, who are observing that 
a freely “falling” ball and pen behave 
in accord with the principle of inertia. 
To an outsider looking through a 
window the phenomena are also in 
agreement with Newtonian motion in 
a gravitational field. The equivalence 
of gravitational and inertial mass 
makes possible two different but con- 
sistent descriptions of the same phe- 
nomena for two systems that are not 
moving uniformly with respect to each 
other. Let us consider another ideal- 
ized experiment, say, a cable lifting 
the elevator with constant force and 
hence constant acceleration. The ig- 
norant observer inside would prob- 
ably ascribe the “falling” of all bodies 
to the elevator’s floor to a gravita- 
tional field, whereas, the outside ob- 
server would describe the same phe- 
nomenon as due solely to inertial 


behavior independent of any gravita- 
tional force. LEinstein’s principle of 
equivalence demands that every mo- 
tion relative to an accelerated system 
behaves like a motion relative to an 
inertial system in a gravitational field. 
As in Newtonian relativistic mechan- 
ics there is no absolute speed (and 
hence translation), so in Einsteinian 
general relativity there is no absolute 
acceleration (and hence rotation). A 
pure field physics, however, is still 
unattained. Physical mechanics must 
continue to differentiate generally be- 
tween matter and field. A physics 
student, at any rate, must learn early 
how the laws of mechanics are modi- 
fied by relativity, which arises from 
field problems. 

Let us now turn our attention to the 
world of mathematical concepts. We 
should always bear in mind that much 
of mathematics analysis has been in- 
vented specifically for describing phys- 
ical phenomena: for example, the use 
of certain infinite series to solve prac- 
tical problems in heat conduction. J. 
B. Fourier himself said, “Profound 
study of nature is the most fertile 
source of mathematical discoveries.” 
The physicist has found it profitable 
not merely to watch the totality of 
phenomena like the moving water of 
a river, but rather to examine causally 
the behavior of very small portions 
for very short periods of time. Thus 
he sets up differential equations in- 
volving rates of change and then 
solves (integrates) them as functions 
of the time for comparison with the 
phenomena themselves. 

The physicist is concerned primarily 
with the formulation of the physical 
problem in mathematical terms; the 
mathematician is responsible for inter- 
preting the mathematical significance 
of the resulting equations. The differ- 
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ential equation by itself expresses only 
the general law for a physical phe- 
nomenon. A specific physical prob- 
lem requires also initial or boundary 
conditions, which determine the arbi- 
trary constants or functions that occur 
in the integration of the differential 
equation. 

In the case of so-called ordinary 
differential equations, involving ordi- 
nary derivatives of a single independ- 
ent variable, one considers generally 
a system with a finite number of de- 
grees of freedom and with time as 
the single independent variable—for 
example, a single ideal system like a 
particle or a rigid body. The use of 
the derivative in describing the mo- 
tion of such an object is based upon 
the assumption that the limit of the 
quotient of small increments of phys- 
ical variables exists, which, in turn, is 
predicated upon the idea of a con- 
tinuous function, for example, velocity 
4s/At. Position and velocity, 
however, are not sufficient to describe 
the motion of a body completely; as 
we have noted in Newton’s laws, ac- 
celeration is also needed. This sec- 
ond-order derivative, moreover, has 
been found adequate so that higher 
time-derivatives are not required. 
Hence the equations of motion are sec- 
ond-order differential equations in 
time. A good illustration is so-called 
simple harmonic motion, as in the case 
of a spring with a particle attached 
and with a restoring force given by 
Hooke’s law, i.e., the force is propor- 
tional to the displacement of the par- 
ticle from its position of equilibrium 
and directed toward that position. In 
our everyday world such motion finally 
ceases. Accordingly, we must add a 
damping term, which is found to be 
proportional to the velocity. Further- 
more, the restoring force for an object 
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like the ear drum may require the ad- 
dition of another term quadratic in 
the displacement. Furthermore, a 
twisted fiber requires the addition also 
In general, 
an ordinary differential equation re- 
lates the behavior of a particle here 
to an influence there, i.e., widely sep- 
arated events. Its solution gives the 
history of a material particle at some 
later place in terms of its character- 
istics here and now. Sometimes ordi- 
nary differential equations occur in 
physical problems (e.g., the bending 
of beams) as a degenerate mathemat- 
ical form due to the neglect of all but 
one independent variable. 

In partial differential equations, in- 
volving a function of several variables 
and its partial derivatives, one is con- 
cerned with a system with infinite de- 
grees of freedom and with independ- 
ent space and time variables—for 
example, a continuous medium. An 
introductory mechanics course, I be- 
lieve, should deal with such systems 
of an infinite number of degrees of 
freedom *® as well as with systems of 
a finite number of degrees of freedom. 
A partial differential equation de- 
scribes the state of such a system 
“here and now” in terms of the im- 
mediate neighborhood just a little 
while ago. Its solution gives the his- 
tory of the whole field later in terms 
of its characteristics all over now. 
Moreover, one uses field quantities, 
defined at such point-space as func- 
tion of time; hence there are usually 
four independent variables for par- 
tial differential equations of physics. 
Here assuming that the physical quan- 
tities are continuous functions of the 
coordinates and of the time, by a Tay- 
lor expansion in the neighborhood of 
equilibrium and by neglect of higher- 


order terms, one finds as an expres- 
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sion of the principle of conservation 
of mass the so-called equation of con- 
tinuity, a first-order partial differen- 
tial equation. The further assumption 
of a velocity function for an incom- 
pressible, homogeneous medium re- 
sults in the Laplace’s second-order 
differential equation (spatial). Like- 
wise the equation of motion reduces 
to a first-order partial differential 
equation. If one assumes also that 
the displacements, the corresponding 
velocities, and their rates of change 
are negligible to the extent that pow- 
ers of them higher than the first are 
all relatively negligible, one obtains 
the well-known wave equation, a sec- 
ond-order partial differential equation 
in time and space. Its linear charac- 
ter signifies the principle of superposi- 
tion of waves. It should be noted, 
however, that shock waves can be de- 
scribed without the assumption of 
continuity by a direct application of 
the conservation principles. They rep- 
resent non-linear phenomena without 
any evident rule for superposition. 
Whereas arbitrary constants ex- 
pressing initial values are adequate 
for the complete solution of an ordi- 
nary differential equation, arbitrary 
functions are required for the general 
solution of a partial differential equa- 
tion. (Differentiation enables one to 
eliminate particular constants and to 
obtain a more general description, 
whereas integration involves specific 
knowledge for describing actual phys- 
ical phenomena.) A solution of a par- 
tial differential equation in variables 
is usually sought over some n-dimen- 
sional domain. Often conditions are 
imposed over an (n —1) domain. For 
example, in the case of a typical “ini- 
tial-value” problem with two variables 
the initial values of amplitude and 
velocity along an open curve must be 


specified at an initial time in order to 
obtain amplitudes and velocities for 
all future times (cf. wave phenom- 
ena). In the case of a typical “bound- 
ary-value” problem, however, values 
of the functions and its derivatives 
along a closed curve, independent of 
time, are required for determining the 
nature of a regular function within 
the curve (cf. equilibria phenomena ). 
Fixed points on a vibrating string and 
quantum conditions behave virtually 
as boundary conditions in selecting 
particular functions, i.e., those with 
certain frequency values. Why in 
certain problems, however, does one 
need initial values and why in others 
boundary conditions? In general, one 
finds that these mathematical condi- 
tions are required in order that we 
may obtain a so-called reasonable 
solution, namely, one mathematically 
useful for interpreting a physical proc- 
ess. On the one hand, mathematics 
must not impose so many restrictions 
that no solution at all can satisfy them; 
on the other hand, the restrictions 
must not be so few that no unique so- 
lution is possible. Finally, the solu- 
tion must depend upon data continu- 
ously, so that small data changes, 
inherent in necessarily approximate 
measurements, cannot produce large 
changes in the resulting solutions. 
The use of modern high-speed cal- 
culating machines for the numerical 
analysis of differential equations has 
introduced a new era for the physical 
use of mathematical concepts. Prob- 
lems can be solved today which were 
impractical a generation ago. 

One more note on the physical use 
of mathematics! It is highly desirable 
that a physical law should be inde- 
pendent of the particular coordinate 
system describing it. The physical 
quantities involved, therefore, must 
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transform in similar ways, i.e., they 
must be represented by tensors. Un- 
fortunately tensors, which are repre- 
sented by second degree surfaces (cf. 
the ellipsoid of inertia), are less con- 
crete and, therefore, seemingly less in- 
telligible than vectors, which repre- 
sent line segments. Here again, we 
see that the general form of the law 
may be as important physically as its 
specific content. 

Let us now consider the develop- 
ment of mechanistic philosophy with 
respect to the world of physical the- 
ory. In other words, what is the 
scope of theoretical mechanics and 
what is its limitation, particularly 
in the world of theoretical physics? 
Newton’s laws of motion are remark- 
able in that they are still valuable in 
their original form (operationally in- 
terpreted) for describing mechanical 
phenomena—partially because their 
accuracy makes them useful, partially 
because their simplicity renders them 
teachable, and partially because their 
naturalness makes them socially ac- 
ceptable (due to their close analogy 
with the very phenomena). It would 
be unfortunate, however, in a world 
of modern physics for students to be 
indoctrinated with the idea that New- 
ton’s laws of motion, which were for- 
mulated almost 300 years ago, are the 
last word even on the subject of me- 
chanics itself. There have been more 
recent formulations of mechanics 
which have enabled man to deepen 
his understanding of the known rela- 
tions. For example, in 1743 J. D’Alem- 
bert enunciated a principle by means 
of which dynamical phenomena can 
be treated from the standpoint of 
equilibrium, i.e., from the standpoint 
of statics. Using the concept of force 
he was able to express the laws of me- 
chanical motion in a single formula 
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with grace and elegance—a remark- 
able example of economy of thought. 
Subsequently, J. Lagrange derived 
equations for any physical system in 


‘terms of generalized coordinates, par- 


ticularly valuable in cases of acous- 
tical, optical, and electrical phenom- 
ena, where particles may not even be 
observable. Later W. R. Hamilton 
discovered a canonical form of the 
basic equations, which have the val- 
uable property of remaining invariant 
with respect to certain theoretical 
types of coordinate transformation. It 
would seem desirable in any physics 
course to outline the historical per- 
spective of mechanics from its primi- 
tive concepts to these more abstract 
ones. 

More radical views, however, have 
been introduced by others. Starting 
with the intuitive principle of least 
action in 1747 by P. L. Moreau de 
Maupertuis, Hamilton introduced a 
more general one in 1824. He found 
it possible to describe mechanical phe- 
nomena in terms of the stationary 
values of an integral involving an en- 
ergy function. This integral does not 
require a knowledge of the forces 
themselves; moreover, it is independ- 
ent of the coordinate system em- 
ployed. The principle is applicable 
to the classical mechanics not only of 
particles and of rigid bodies, but also 
of deformable bodies and fluids—not 
to mention field theories (electromag: 
netism, electron, proton, meson). The 
principle thus has a highly significant 
economic descriptive value in that it 
epitomizes so many different areas of 
phenomena. Another novel idea was 
introduced in 1829 by C. F. Gauss in 
his principle of least constraint. Here 
one requires the knowledge of neither 
force nor energy, only the criterion 
that the system should move as freely 
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as possible with respect to certain con- 
straints that are necessitated because 
of the impressed forces. A more ab- 
stract generalization of this principle 
was made in 1894 by H. R. Hertz, 
who proposed a principle of straight- 
est path. Avoiding the concepts of 
mass, force, and energy he succeeded 
in reducing dynamics to kinematics 
by means of certain concealed mo- 
tions of particles. The system can 
thus be regarded as virtually in a state 
of rest or of uniform mction. Let us 
turn now from these abstract theories 
to concrete applications, particularly 


in other physical phenomena. 


As emphasized by E. Mach, “Purely 
mechanical phenomena do not exist.” 


_ They are “abstractions, made either 


intentionally or from necessity, facil- 
itating our comprehension of things.” 


_ A. Einstein has stressed that “it is im- 


possible to divide science into sep- 


- arate and unrelated sections.” Newton 


himself applied the laws of mechanics 
to the analysis of fluid motions, in- 
cluding acoustical phenomena. He 


_ was able to account for compression 


waves in fluids and solids. It is sig- 
nificant, indeed, that he believed the 
laws applicable to all motions, me- 
chanical or otherwise. 

In 1738 D. Bernoulli extended the 
realm of mechanics to account for the 
pressure in gases in terms of the mo- 
tion of particles. It was J. P. Joule, 


_ however, who in 1851 related this 
_ molecular motion to the thermal en- 
ergy of the gas. 


Subsequently, the 
kinetic theory of gases was further ex- 
tended to explain phenomena such as 


_ Viscosity in terms of transport of mo- 


mentum, diffusion in terms of trans- 


_ Port of matter, and heat conduction 
In terms of transport of energy. Sta- 


tistical mechanics per se is undoubt- 
edly beyond the scope of a course in 
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physical mechanics. The general area 
of its scope and validity, however, 
should be pointed out to beginning 
students. 

The conservation of mechanical en- 
ergy is obtained from spatial integra- 
tion of the equations of motion. In 
general, it is inadequate for a com- 
plete description of mechanical phe- 
nomena except in the case of a system 
with one degree of freedom, which has 
only one equation of motion. So-called 
conservative systems comprise a use- 
ful class for theoretical analysis of me- 
chanical phenomena. In the case of 
non-conservative systems the realiza- 
tion that heat can be regarded as a 
mode of motion has made it possible 
for certain of these, in turn, to be de- 
scribed in mechanical terms. It is 
significant that such concepts as elec- 
trical energy, et al., are operationally 
meaningless today except in mechan- 
ical terms. The success of mechanism 
in enabling one to understand any 
physical phenomenon was largely re- 
sponsible for the belief of individuals 
like H. von Helmholtz and Lord Kel- 
vin that no physical theory itself can 
be successful unless it has a mechan- 
ical basis. 

Subsequently physicists have be- 
come more aware of the limitations of 
mechanism in theoretical physics. I 
shall not attempt to develop here the 
rise and decline of the mechanical 
view in the realm of electrical and op- 
tical phenomena—not properly phys- 
ical mechanics. Suffice it to note cer- 
tain aspects of modern particle phys- 
ics. In the first place, although the 
position and velocity of molecules are 
determinable in principle, from a 
practical viewpoint there always exists 
an ignorance of initial values. Hence 
probability considerations and statis- 
tical methods must be introduced to 


| | 
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supplement the conservation of en- 
ergy in thermodynamics with the so- 
called second law of thermodynamics, 
which is statistical in character (cf. 


Brownian movements from which the © 


mass of a molecule can be deter- 
mined ). 

The development of wave mechan- 
ics in quantum physics seemed at first 
likely to extend further the applicabil- 
ity of mechanics to physical phenom- 
ena. Here however, the ignorance of 
initial values presents a difficulty in- 
herent in the very phenomena (cf. the 
uncertainty principle), because the 
simultaneous determination of posi- 
tion and velocity of a particle like an 
electron with increasing precision is 
not possible even in principle. Hence 
quantum mechanics itself has had to 
be interpreted statistically to preserve 
the law of causality for theoretical 
concepts and at the same time to re- 
late them to the world of phenomena. 

In nuclear physics, too, one learned 
early of the limitations of mechanics 
in describing phenomena like radio- 
activity. Here the number of par- 
ticles emitted from nuclei is found to 
be proportional to the number of nu- 
clei and to the duration of observation. 
The number, however, is observed 
to be independent of the velocity, 
the mass, the force, or the energy of 
the particles. Once more we are con- 
fronted with the necessity of introduc- 
ing probability considerations. It is 
necessary to add that the whole ques- 
tion of the nature of elementary par- 
ticles is becoming increasingly com- 
plex and confusing, not to mention 
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their relation both to fields, and to the 
understanding of matter itself. In the 
face of these phenomena one wonders 
about the validity of the assertion in 
the above mentioned text that “All 
observations subsequent to Newton’ 
time are in agreement with them’ 
[Newton's Laws]. 

In conclusion, it is evident that 
physicists no longer require mechan- 
ical models for interpreting physical 
phenomena. Nevertheless, mechanic 


is still the foundation of all modem | 
physics in the sense that its general- | 
ized principles such as the conserva- } 


tion of momentum, the conservation 
of mass or energy, and the principle 


of least action are still basic to phys- | 


ics. Hence physical mechanics needs 


to be taught in relation to all modem | 


branches of physics and taught nee. 
essarily by physicists, who are inti- 
mately concerned with the new foun- 
dations of physics. 

As a mathematical physicist, I would 
emphasize in such a course the oper? 
tional point of view with respect to 


the world of physical phenomena, the | 


physical use of mathematics with re- 


spect to the world of mathematical > 
concepts, the scope and limitation of | 


mechanistic philosophy with respect | 
to the world of physical theory. Ih} 
the tradition of natural philosophy the 
subject should be treated both exper: 
mentally and philosophically. From 


this point of view, therefore, analyt 
ical mechanics and applied mechat- | 
ics, worthwhile in their own domains | 
could certainly not be identified with | 
physical mechanics. ‘ 
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THE FUTURE SCIENTISTS 
OF AMERICA FOUNDATION 


HENRY H. ARMSBY 


Chief for Engineering Education 
U. S. Office of Education 


and ASEE representative on the Advisory Committee of FSAF 


The Future Scientists of America 
Foundation (FSAF) was born four 
years ago out of the conviction on the 
part of a group of educational lead- 
ers that the best way to improve the 
long-range supply of engineers, scien- 
tists, and technicians is to increase 
the numbers of qualified boys and 
girls coming out of high school with 
adequate preparation for good college 
or technical institute work in these 
fields and interested in careers in one 
of these fields. The Foundation was 
formed only after extensive consulta- 
tion with scientists and educators, and 
was organized as an activity of the 
National Science Teachers Associa- 
tion (NSTA). It operates under an 
Administrative Committee including 
representatives of the sciences, engi- 
neering, and education, and with the 
advice and counsel of an Advisory 
Committee representing industries 
and societies interested in the objec- 
tives of the Foundation. 

Within six months after its estab- 
lishment, enough money had been 
contributed by industries and the pro- 
fessional societies to add two full-time 
people to the NSTA staff and to launch 
the Foundation’s program. An exten- 
sive survey was conducted among 
teachers, professional societies, and 
industrial organizations to determine 
current practices, problems, and gaps 
in the materials and services available 
for encouraging young people toward 
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engineering, scientific, and technical 
careers. The results of this survey, 
published in 1953, identified the ob- 
jectives and suggested procedures for 
the Foundation. 

The Foundation seeks to secure for 
junior and senior high school science 
students and their teachers services 
comparable to those existing at col- 
lege and post-graduate levels. The 
Foundation does not attempt to re- 
place any agencies now active in the 
promotion of science and engineering, 
but rather to supplement and coor- 
dinate efforts so that there can be con- 
tinuous assistance available from the 
elementary through the secondary 
school and the college up to and in- 
cluding post-graduate levels. 

With this in mind, close relation- 
ships have been established with the 
Engineering Manpower Commission, 
the Scientific Manpower Commission, 
the Manufacturing Chemists Associa- 
tion, the National Science Foundation, 
the American Society for Engineering 
Education, and other organizations, 
and will be extended to other groups 
interested in the purposes of the 
Foundation. 

The basic purposes of the Founda- 
tion are (1) to help all high school 
youth understand the fundamental 
principles of science, engineering, and 
technology, and (2) to help able high 
school youth to become interested in 
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and to prepare for careers in these 
fields and in science teaching. 

The financial support given to the 
Foundation by industries and societies 


has increased very satisfactorily, from ~ 


an initial budget of $3,000 in 1952 to 
actual contributions of about $47,000 
during 1955. A much wider partic- 
ipation of industry will be sought for 
next year so that the Foundation can 
proceed with the expanded program 
recommended by the Advisory Com- 
mittee. 

The activities of the Foundation can 
perhaps best be described by a brief 
account of a meeting last fall of the 
Administrative Committee with the 
Advisory Committee, in which accom- 
plishments for 1955 were reviewed 
and plans for 1956 were formulated. 


1. Science Achievement Awards for 
Students 


In this program, sponsored for the 
fourth year by the American Society 
for Metals, awards and honorable 
mentions were given to more than 450 
students in 186 high schools in 41 
states. The program will be con- 
tinued into 1956 and, if possible, ex- 
panded. 


2. Summer Conferences for Teachers 


These conferences have been given 
financial support by the Crown-Zeller- 
bach Foundation. The first, in 1954, 
dealt with the identification of labora- 
tory skills which are a hazard to sci- 
ence students. The second, in 1955, 
dealt with the mathematical hurdles 
to success in high school science 
teaching. The teachers in these con- 
ferences are used as a research team, 
and the results of their studies are 
published and made available to other 
teachers. This program will be con- 
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tinued and, if possible, expanded in 
other parts of the country for 1956. 


3. Bibliography of Career Information 
and Guidance Material 


The third edition of this bibliog. 
raphy was published in 1955. This 
service, which the Advisory Commit 
tee considered of much value, will be 
continued and, if possible, expanded 
in 1956. 


4. Science-related Summer Jobs 


This program will be continued for 
its third year in 1956, with FSAF play- 
ing a catalytic role and not attempt- 
ing to set up a central clearing house. 


5. Science Teachers Research Assist- | 


antships 
During the summer of 1955, about 


45 science teachers were placed as | 


research assistants on 18 campuses. 


Their experiences will be publicized | 


in an Evaluation Report now being 
prepared. This service will also be 
continued in 1956. 


6. “If You Want to Do a Science | 


Project” 


A booklet with this title was de- | 


veloped to help students get started 
on science projects. The Advisory 
Committee considered it valuable to 
both teachers and students. 


7. “Tomorrow’s Scientists” 


A new eight-page monthly publica | 
tion will be tested in the spring of | 


1956. It will contain stories of the 


work of today’s scientists and what | 
that work means for tomorrow, al | 
nouncements of scholarships, student | 


work reports, and similar items 
interest. 
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8. “Careers in Science Teaching” 


This booklet portrays science teach- 
ing, and is published as an effort to 
interest more students in preparing 
for this much needed profession. It 
has been widely circulated among 


students, and it is planned to distrib- 
ute at least 10,000 copies during 1956. 


(Copies of the publication “Facts About 
the FSAF” are available from the Foundation, 
National Science Teachers Association, 1201 
Sixteenth Street, N.W., Washington 6, D. C.) 


NUCLEAR RESEARCH PROJECTS IN 
MECHANICAL ENGINEERING 


. Effect of wetting on boiling heat transfer. 

. Effect of acoustic vibrations on convective heat transfer. 

Heat transfer in thermal-entrance regions. 

Nuclear energy in relation to the oil industry. 

. High flux heat transfer to boiling water. 

. Heat transfer up to high boiling rates from wire configuration 
to sub-cooled and saturated water. 

7. Investigation of changes resulting from radiation damage to 

materials. 


The above topics have been submitted by Herbert S. Isbin, 
Associate Professor of chemical engineering, the University of Min- 
nesota, as a supplement to his article, “Survey of Nuclear Engineer- 
ing Research,” which appeared in the September, 1955, JOURNAL. 


DR. ALBERT H. COOPER 


Dr. Albert H. Cooper, a member of the ASEE since 1936 and 
Editor of the Chemical Engineering Division, has joined America 
Hard Rubber Company as an assistant to W. M. Bergin, Director 
of Research and Development. A well-known authority on organic 
and inorganic chemicals. Dr. Cooper will devote a major part of 
his time to chemical research and allied production programs. He 
will continue as Head of the Chemical Engineering Department 
at Pratt Institute, Brooklyn. 


1 Science 


GUIDANCE MATERIALS FOR MATHEMATICS 
A Selected Bibliography 


This list is published at the request of the Secondary Schools Committee of ECAC. 
Thanks are due Dr. Eugene Nichols, formerly of the University of Illinois Committe 
on School Mathematics Experimental Project, for making available the publications op. 

cerned. (The order of presentation is alphabetical, not evaluative.) 7 


1) Careers for Mathematicians. in mathematics; selected refer. 
Monograph No. 5, Career Publi- ences. ) 
cations, 14 West 45th Street, New 7) “Mathematical Preparation for 
York 36. Price $1.00. (Leading College,” by P. D. Edwards, P. §. 
national employers describe math- Jones, and B. E. Meserve. Re. 
ematical positions open to young print from The Mathematics} 
graduates. ) Teacher (Vol. XLV, May, 1952); > 

2) Catalogue of General Electric available from the National Coun. 
Publications for Schools. (8 pp. cil. Price 25¢ per copy. (List| 
All GE publications listed are occupations requiring high school | 
free on request to Department training in mathematics, with af 
2-119, The General Electric Com- little on college-level occupations; | 
pany, Schenectady 5, New York). 12 pp. Considered “very good’ 

3) GE’s Answer to Three Why’s. by high school teachers. ) : 
(Why study math, science, engi- 8) Math Problems from Industry.) 
neering; 10 pp.) GE’s Answer to (Chrysler Corporation sampl | 
Four Why's. (Study, work, Eng- practical puzzlers, illustrated with | 
lish, read; 12 pp.) GE Looks at blueprint drawings; 51 problems.) | 
Engineering Tomorrow. (Career Free on request to Educational | 
for the future; 4 pp.) Services, Chrysler Corporation| 

4) Math at General Electric. (Sam- Post Office Box 1919, Detroit 31) 
ple problems in various areas; 15 Michigan. 4 
pp. of industry applications. ) 9) Answers to Math Problems fron 

5) Why Study MathP (What math Industry. (Teacher’s hints o} 
is, why know it, occupations that methods and numerical solution | 
use it; 8 pp.) to problem volume.) Chrysler} 

6) Guidance Pamphlet in Mathe- Corporation; free as above. | 
matics for High School Students. 10) Why Study Mathematics? The) 
National Council of Teachers of Canadian Mathematical Cor) 
Mathematics, 1201 Sixteenth gress, Engineering Building, Mc} 
Street, N.W., Washington 6, D. C. Gill University, Montreal, Cat} 
Price 25¢ per copy; 40 pp. (Oc- ada. 33 pp., price 50¢ per copy.| 
cupational breakdowns of how (Excellent discussion of mathe | 
much and what kinds of mathe- matical careers in broad terms) 
matics are needed in various pro- those requiring expert knowledg: | 
fessions, plus geographical list special fields, and “substantid | 
of colleges offering the doctorate foundation” study. Also, th} 
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TION, June, 


GUIDANCE MATERIALS FOR MATHEMATICS 


mathematics needed in the edu- 
cation of a competent citizen; the 
contribution of mathematics to 
sound reasoning in other fields, 
and the rewards of mathematical 


gestions 


school teachers. ) 


GORDON RESEARCH CONFERENCES 


The 1956 Gordon Research Conference of the American Asso- 
ciation for the Advancement of Science will be held from June 11 
to August 31 at three New Hampshire schools: Colby Junior Col- 
lege, New London; New Hampton School, New Hampton; and 
Kimball Union Academy, Meriden. Established to stimulate re- 
search in universities, research foundations, and industrial labora- 
tories, the conferences consist of scheduled lectures and discussion 
groups. Topics included in the approximately 36 week-long ses- 
sions of special interest to ASEE members are Instrumentation, 
Metals at High Temperatures, Chemistry and Physics of Metals, 
Statistics in Chemistry and Chemical Engineering, Adhesion, Stream 
Sanitation, Nuclear Chemistry, Chemistry and Physics of Isotopes, 
Solid-State Studies in Ceramics, Ion Exchange Factors, High- 
Pressure Research, Infrared Spectroscopy, and Characteristics of 
Strength, Fracture, and Surfaces for Glass. While registration has 
been filled for the series by some 3000 participating scientists, 
substantially the same programs are presented each year. Inquiries 
for information about the 1957 schedule may be directed to AAAS, 
1515 Massachusetts Avenue, N.W., Washington, D. C. 


DISCUSSION OF “RISK ANALYSIS” 


An expansion and application of Risk Analysis techniques as 
presented by F. A. Gitzendanner (Journat, October, 1955, p. 182) 
has been received and accepted by the author too late for publica- 
tion in this issue. It is, however, available for use by any readers 
who may be interested, and will be published as early in the fall as 
possible. 
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training in intellectual and aes- 
thetic satisfaction! Includes “sug- 
for further reading.” 
Considered “very good” by high 
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NEW MEMBERS OF THE ASEE 


The following two groups of new members conclude the lists for the year 1955-56. Th 
first includes members as of May 7; the second, those to May 22, 1956. 


Bacik, RicHarp JAMEs, Staff Administra- 
tor in Education, American Society of 
Tool Engineers, Detroit, Michigan. W. 
Leighton Collins, K. J. Trigger. 

Backus, Kerspy DEWEL, Instructor in En- 
gineering Drawing, The Rice Institute, 
Houston, Texas. A. P. McDonald, L. 
B. Ryon. 

Ba.TER, M., Director, Jersey City 
Technical Institute, Jersey City, New 
Jersey. D.C. Metz, K. J. Holderman. 

BAREITHER, HARLAN DANIEL, Associate 
Professor in Mechanical Engineering, 
University of Illinois, Urbana, Illinois. 
N. A. Parker, S. Konzo. 

Beck, Betty ANNE, Research Engineer, 
Denver Research Institute, Denver, 
Colorado. J. A. McGlothlan, A. M. 
Krill. 

BERGDOLT, VOLLMaR E., Assistant, Engi- 
neering Experiment Station, Purdue 
University, West Lafayette, Indiana. 
J. B. Jones, C. W. Rezek. 

BIRKEMEIER, WILLIAM PHILIP, Instructor 
of Electrical Engineering, Purdue Uni- 
versity, Lafayette, Indiana. J. S. John- 
son, P. Weinberg. 

BLEKKING, EARL Henry, Interim Instruc- 
tor in Industrial Engineering, Univer- 
sity of Florida, Gainesville, Florida. 
E. P. Martinson, A. C. Kleinschmidt. 

Bruce, Joun P., Instructor in Pattern 
Making, Wentworth Institute, Boston, 
Massachusetts. H. R. Beatty, F. H. 
Linton. 

Bryan, WILLIAM L., Associate Professor 
in Mechanical Engineering, Case In- 
stitute of Technology, Cleveland, Ohio. 
E. Laitala, W. E. Nudd. 

Carson, DaLE Arvp, Instructor in Civil 
Engineering, University of Washing- 
ton, Seattle, Washington. R. H. 
Meese, R. H. Bogan. 

CarROLL, J. RayMonp, Associate Pro- 
fessor of Mechanical Engineering, 
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University of Illinois, Urbana, Illinois, 
W. L. Hull, N. A. Parker. 

Cooper, RoperT Manion, Assistant Pr. 
fessor of Engineering Mechanics, Uni- 
versity of Michigan. Ann Arbor, Mich 
igan. T. A. Boyle, W. E. Thomas. 

Drinker, Joun D., Associate Professor of 
Civil University of Pitts 
burgh, Pittsburgh, Pennsylvania. W. 
I. Short, A. Ackenheil. 


DoNNELLY, JAMES BERNELL, Instructor 
in Mechanical Engineering, Villanow| 


University, Villanova, Pennsylvania} 
J. S. Morehouse, J. N. Walton. 
Duck, Howarp Becton, Jr., Instructor 


in Engineering Drawing, Rice Inst-) 


tute, Houston, Texas. A. P. Me 


Donald, L. B. Ryon. 


Dunninc, Ernest Leon, Associate Pro 


fessor of Mechanical Engineering 
Louisiana Polytechnic Institute, Ru-) 
ton, Louisiana. J. J. Thigpen, J. ch 
Chumbley. 
DuguETTEe, Doucias Dona.p, Lecture} 
in Engineering Mathematics, Assump 
tion University, Windsor, Ontario) 
D. C. Hunt, J. Gerardi. : 
EIsENSTADT, RAYMOND, Assistant Profes 
sor in Mechanical Engineering, Unio 


College, Schenectady, New York. 4) 
Hoadley, G. Ketchum. { 
ELNAN, Assistant Professor of Aer) 
nautical Engineering, University ¢) 
Cincinnati, Cincinnati, Ohio. H. 
Justice, D. J. Schleef. 
FLECKENSTEIN, Epwarp Louts, Head | 
Electrical Engineering Technolog. 
Ohio Mechanics Institute, Cincinnat) 
Ohio. P. K. Johnston, K. R. Miller. | 
FonTAINE, E., Professor 
Mechanical Engineering, Purdue Us 
versity, Lafayette, Indiana. J. 3) 
Jones, C. W. Rezek. 4 


Gunninc, Henry C., Dean of the Fit 
ulty of Applied Science, University") 
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NEW MEMBERS OF THE ASEE 


British Columbia, Vancouver, British 
Columbia. W. O. Richmond, A. D. 
Moore. 

HatsTEAD, WiLL1AM Rosert, Head of 
Electrical and Electronics Depart- 
ments, Southern Technical Institute, 
Chamblee, Georgia. L. V. Johnson, 
M. R. McClure. 

Hays, Frank D., Assistant Professor of 
Technical Institute, Purdue University, 
Lafayette, Indiana. J. C. Rapalski, 
C. F. Rhodes. 

Heap, GeorceE Precuam, Instructor of 
Architectural Engineering, University 
of Detroit, Detroit, Michigan. L. R. 
Blakeslee, H. Gudebski. 

Husert, Irvine, Associate Pro- 
fessor in Electrical Engineering, U. S. 
Merchant Marine Academy, Northport, 
New York. E. W. Starr, P. Nudd. 

KAUFMAN, JOSEPH JERRY, Design Instruc- 
tor, Academy of Aeronautics, New 
York, New York. W. M. Hartung, A. 
N. Behr. 

KEEGAN, FRANK J., Director, Keegan 
School of Television, Memphis, Ten- 
nessee. D.C. Metz, W. L. Collins. 

Kopp, Epcar WILu1aM, Assistant Profes- 
sor in Industrial Engineering, Univer- 
sity of Florida, Gainesville, Florida. 
E. P. Martinson, A. C. Kleinschmidt. 

LAUGHLIN, HERMAN GLEyN, Assistant 
Professor in Mechanical Engineering, 
Purdue University, Lafayette, Indiana. 
A. R. Holowenko, C. W. Rezek. 

MacFarLane, Cart SHaw, Director of 
Admissions, Ohio Mechanics Institute, 
Cincinnati, Ohio. P. K. Johnston, K. 
R. Miller. 

Mackey, ALAN ANDREW, Assistant Pro- 
fessor in Mathematics, Northeastern 
University, Boston, Massachusetts. F. 
R. Henderson, W. C. White. 

McKinney, Ross Erwin, Assistant Pro- 
fessor of Sanitary Engineering, Mas- 
sachusetts Institute of Technology, 
Cambridge, Massachusetts. W. L. 
Collins, J. C. Dietz. 

Nogt, Smney Quin, President, Universal 
Television System, Inc., Kansas City, 
Missouri. J. I. Miller, T. J. Rung. 
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Marcus, Technical 
Personnel Recruiter, American Viscose 
Corporation, Philadelphia, Pennsyl- 
vania. B. B. Bright, W. F. Houghton. 

Novak, Louis, Instructor in Drafting, 
Wentworth Institute, Boston, Massa- 
chusetts. P. H. Ferzoco, R. A. Wilder. 

Owens, OwEN G., Associate Professor in 
Electrical Engineering, Union College, 
Schenectady, New York. H. W. Bib- 
ber, C. F. Goodheart. 

PATTERSON, E., Jr., Associate 
Professor in Engineering Extension, 
Iowa State College, Ames, Iowa. G. 
R. Henninger, L. O. Stewart. 

PoLaAND, Rosert Louis, Counselor, Ohio 
Mechanics Institute, Cincinnati, Ohio. 
P. K. Johnston, K. R. Miller. 

Pucu, B., Industrial Supervisor, 
The Ohio Mechanics Institute, Cincin- 
nati Ohio. P. K. Johnston, K. R. 
Miller. 

RAMACHANDRAN, Arcot, Assistant Pro- 
fessor of Mechanical Engineering, In- 
dian Institute of Science, Bangalore, 
India. J. B. Jones, C. W. Rezek. 

RAMMEL, WILLIAM GrecorY, Instructor 
in Building Construction, Purdue Uni- 
versity, Fort Wayne, Indiana. V. 
Daugherty, M. D. Adams. 

ReENz, ALLEN GeorcE, Instructor in En- 
gineering Drawing, Washington Uni- 
versity, St. Louis, Missouri. H. E. 
Grant, G. Nadler. 

ReEswick, JAMES B., Assistant Professor 
of Mechanical Engineering, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Massachusetts. J. E. Arnold, 
W. M. Rohsenour. 

Rocness, M. L., Assistant Professor in 
Engineering Drawing, Iowa State Col- 
lege, Ames, Iowa. C. Foster, C. A. 
Arnbal. 

Rumps, Peter, Jr., Instructor in 
Chemical Engineering, University of 
Detroit, Detroit, Michigan. H. Gudeb- 
ski, C. G. Duncombe. 

Scumip, MERLE D., Assistant Professor 
in Industrial Management, Pudue Uni- 
versity, Lafayette, Indiana. V. W. 
Daugherty, W. L. Collins. 


— 
ana. J. 
of the Fay 
University 
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SLAVEN, G. C., Instructor in Engineering, 
West Virginia Institute of Technology, 
Montgomery, West Virginia. D. H. 
Pletta, H. W. Speiden. 


SoLBERG, ARCHIE NorMaN, Dean of Re-. 


search and Special Services, University 
of Toledo, Toledo, Ohio. E. D. Har- 
rison, E. W. Weaver, Jr. 

SORENSEN, SVEND Enik, Instructor in Me- 
chanical Engineering, Ohio University, 
Athens, Ohio. E. J. Taylor, P. H. 
Black. 

Suter, ANNA K., Assistant Professor of 
Mathematics, Purdue University, La- 
fayette, Indiana. A. W. Collins, W. 


L. Collins. 
Swanson, Rocer Paut, Head of Aircraft 
Department, Wentworth _ Institute, 


Boston, Massachusetts. H. R. Beatty, 
F. H. Linton. 

THOMPSON, WaRREN H., Instructor in In- 
dustrial Electricity, Wentworth Insti- 
tute, Boston, Massachusetts. H. R. 
Beatty, F. H. Linton. 
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THOREN, THEODORE ROOSEVELT, Staff Dj. 


rector in Engineering Research and | 


Development, Thompson Products 
Inc., Cleveland, Ohio. E. J. Massard, 
W. L. Collins. 

VERRECCHIA, THOMAS ANTHONY, Instruc. 
tor in Electronic Department, Went. 
worth Institute, Boston, Massachusetts, 
H. R. Beatty, F. H. Linton. 

WESTFALL, CLAUDE ZEBEDEE, Instructor 
in Engineering Graphics, University 
of Maine, Orono, Maine. E. R. Weid- 
haas, M. McNeary. 


Witson, Ricuarp C., Instructor in Me 


chanical Engineering, University of 


Michigan, Ann Arbor, Michigan. 1. | 


A. Boyle, W. E. Thomas. 


Woyjcieszak, Leo L., Senior Instructor, 
Academy of Aeronautics, New York, | 
New York. W. M. Hartung, C. 8 > 


Jones. 


59 new members 


Final list as of May 22, 1956 


ALLEN, WyetTH, Professor of Industrial 
Engineering, University of Michigan, 
Ann Arbor, Michigan. F. L. Schwartz, 
G. G. Brown. 

Bayer, Henry, Consultant to 
Engineering Services, General Electric 
Company, Schenectady, New York. 
M. M. Boring, H. G. Hutton. 

BEER, CraiG EuGENE, Instructor in Agri- 
cultural Engineering, Iowa State Col- 
lege, Ames, Iowa. K. K. Barnes, H. 
Beresford. 

BeLMaN, B. Iran, Instructor of Graphics 
and Engineering, Fresno Junior Col- 
lege, Fresno, California. D. E. Whelan, 
Jr., H. H. Wheaton. 

BERGSTROM, ROBERT Eart, Instructor in 
Product Engineering, General Motors 
Institute, Flint, Michigan. H. M. 
Dent, Earl D. Black. 

Bruce, JAMEs D., Assistant Professor of 
Electrical Engineering, West Virginia 
Institute of Technology, Montgomery, 
West Virginia. R. M. Kerchner, E. L. 
Sitz. 


BURCHINAL, JERRY CAMERON, Assistant 


Professor of Civil Engineering, Wes 


Virginia University, Morgantown, Wes 
Virginia. M. J. Smith, W. H. Baker | 
ByRNE, SYDNER HuMMER, Assistant Dean | 
of Engineering and Architecture, Vir | 
ginia Polytechnic Institute, Blacksburg, 
Va. G. A. Barnes, Jr., J. W. Sjogren © 
CHANDLER, ALFRED D., Jr., Assistant | 
Professor of History, Humanities, Mas | 
sachusetts Institute of Technology, 
M. M. Boring, 


Cambridge, Mass. 
L. Collins. 


CuoaTe, Davip C., Chairman of Eng: 


neering Graphics, Ohio Mechanics In 


stitute, Cincinnati, Ohio. P. K. Johns ; 


ton, K. R. Miller. 


CLEMENTSON, GERHARDT CHRISTOPHES 
Professor of Aerodynamics, U. S. Ai! 


Force Academy, Aurora, Colorado. 4 
Higdon, J. D. Hempstead. 


Daccarpo, SAMUEL, Evening Instruct 


in Technical Drawing, Illinois Institut _ 
of Technology, Chicago, Ill. J. 1) 
Dygdon, E. V. Mochel. : 
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Ecxserc, HERBERT FREDERIC, Professor 
of Mechanical Engineering, Bucknell 
University, Lewisburg, Pennsylvania. 
H. D. Sims, W. Garman. 

EckEL, JAMES ROBERT, JR., Instructor in 
Electrical Engineering, University of 
Tennessee, Knoxville, Tennessee. W. 
O. Leffell, J. D. Tillman. 

E:xins, RicHARD LONSDALE, Instructor 
in Mechanical Engineering, University 
of Maryland, College Park, Maryland. 
J. E. Younger, R. W. Hurlbrink, Jr. 

FiscHER, RICHARD JEFFERSON, General 
Personnel Supervisor, N. W. Bell Tele- 
phone Co., Des Moines, Iowa. L. O. 
Stewart, M. S. Coover. 

GrirFITH, Epwin Georce, Instructor in 
Electrical Engineering, Allentown Ex- 
tension Center, Pennsylvania State 
University, University Park, Pennsyl- 
vania. V. E. Neilly, H. J. Herbein. 

Hamun, Rocer B., Instructor in Engi- 
neering and Cultural Studies, General 
Motors Institute, Flint, Michigan. H. 
O. Haskitt, Jr., M. H. Swift. 

Harms, WILLIAM OrTTo, Assisttant Profes- 
sor of Chemical Engineering, Univer- 
sity of Tennessee, Knoxville, Tenn. E. 
E. Stansbury, H. F. Johnson. 

Hearn, EMMETT E., Director of Employ- 
ment, The Glenn L. Martin Company, 
Baltimore, Maryland. H. S. Stillwell, 
J. E. Dahlman. 

Henson, JAMEs O., Lecturer in Civil En- 
gineering, University of Tennessee, 
Knoxville, Tennessee. R. F. Bullock, 
A. T. Granger. 

HERTENSTEIN, NELSON, Super- 
visor, Engineering Training, McDon- 
nell Aircraft Corporation, St. Louis, 
Missouri. G. E. Dreofke, F. H. 
Roever. 

Hosson, JAMEs WALKER, Assistant to the 


President—Administrative, | Lawrence 
Institute of Technology, Highland 
Park, Michigan. M. M. Ryan, E. 


Lawrence. 

Hocan, RANDALL James, Instructor, En- 
gineering Extension, The Pennsylvania 
State University, University Park, 
Pennsylvania. E. M. Elias, T. R. Horn. 
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Hwanc, Minc Cuao, Instructor in Math- 
ematics, Academy of Aeronautics, New 
York, New York. A. Behr, C. H. 
Coder, Jr. 

JaccarD, Ernest Pxack, Instructor in 
Engineering Extension, The Pennsyl- 
vania State University, University Park, 
Pennsylvania. K. L. Holderman, T. A. 
Wright. 

Jounson, FrepD M., Associate Engineer, 
Lawrence Adams Co., Modesto, Cali- 
fornia. D. E. Whelan, jr., J. E. 
Sakaly. 

Lee, Mary HELEN, Engineering Librar- 
ian, Purdue University, Lafayette, In- 
diana. A. K. Branham, G. A. Leon- 
ards. 

Linn, Torvo A., Project Engineer, Trac- 
tor Engineering Test & Development, 
Ford Motor, Tractor & Implement, 
Dearborn, Michigan. H. E. Hedinger, 
G. P. Brewington. 

LINEBARGER, ROBERT MEAuL, Part-time 
Instructor in Civil Engineering, Brig- 
ham Young University, Provo, Utah. 
D. K. Fuhriman, B. Brown. 

MysINGER, Epwarp Dovuc tas, Instructor 
in Civil Engineering, University of 
Tennessee, Knoxville, Tennessee. R. 
E. Bullock, A. T. Granger. 

McCLELLAND, FRANK Morcan, Instruc- 
tor in Electrical Engineering, Univer- 
sity of Tennessee, Knoxville, Tennes- 
see. H. M. Scull, W. O. Leffell. 

PeasE, Donatp A., Specialist in Engi- 
neering Training, General Electric 
Company, Small Aircraft Engine De- 
partment, West Lynn, Massachusetts. 
J. C. Truman, J. R. Levitt. 

PENZIEN, JOsEPH, Assistant Professor of 
Civil Engineering, University of Cali- 
fornia, Berkeley, California. E. P. 
Popov, B. Jameyson. 

PERDUE, JOHN Victor, Industrial Coor- 
dinator, University of Detroit, Detroit, 
Michigan. S. J. Hirschfield, C. J. 
Freund. 

Puncocuar, RoBert P., Instructor in Me- 
chanical Engineering, South Dakota 
State College, Brookings, South Da- 
kota. L. Amidon, K. E. Lindley. 
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Rav, Artuur H., Consultant to Engi- 
neering Services, General Electric 
Company, Schenectady, New York. 
M. M. Boring, H. G. Hutton. 


Rea., RayMonp V., Instructor in Engi-. 


neering Mechanics, University of Ne- 
braska, Lincoln, Nebraska. D. N. 
Pierce, D. I. Cook. 

Rusin, LLEWELLYN ApDAM, Assistant In- 
structor in Electrical Engineering, 
Moore School of Electrical Engineer- 
ing, University of Pennsylvania, Drexel 
Hill, Pennsylvania. Ernest Frank, H. 
Sohon. 

SEARCRIST, GEORGE KENNETH, Instructor 
in English, the Pennsylvania State Uni- 
versity (York Center), University Park, 
Pennsylvania. E. M. Elias, T. R. 
Horn. 

SESONSKE, ALEXANDER, Associate Profes- 
sor of Chemical Engineering, Purdue 
University, Lafayette, Indiana. S. C. 
Hite, T. J. Hughel. 

SmitTH, ALBERT P., Instructor in Engi- 
neering Extension, The Pennsylvania 
State University, University Park, Penn- 
sylvania. H. J. Herbein, T. J. Rung. 

SmiTH, DonaALpD HuBBELL, Instructor in 
Engineering, The Pennsylvania State 
University Center, University Park, 
Pennsylvania. K. L. Holderman, T. 
J. Rung. 


June, 1956 


Snyper, Harry R., Coordinator of Gen. | 


eral and Industrial Education, Arabian 
American Oil Co., Dhahran, Saud 
Arabia. E. E. Booher, K. Zeigler. 
Spies, HENRY RayMonp, Assistant Edi. 
tor, Engineering Experiment Station, 


University of Illinois, Urbana, Illinois, > 


E. C. McClintock, R. J. Martin. 


STEWART, WALTER Wo., Staff Assistant | 


in R & D Department, American Vis. 
cose Corporation, Philadelphia, Penn. 
sylvania. W. F. Houghton, B. B. 
Bright. 

TOMLINSON, MaurRICcE JOHN, Head of De 
partment of Construction, Provincial 


Institute of Technology and Art, Cal- | 
E. W. Wood, 


gary, Alberta, Canada. 
W. L. Collins. 


Werner, D., Instructor in Engi | 
neering Extension, Pennsylvania State 


University, University Park, Pennsyl- 


vania. K. L. Holderman, T. J. Rung | 
ZIMMERMAN, JOHN R., Instructor in En- | 
gineering Extension, Pennsylvania State | 
University, University Park, Pennsyl- | 
H. Herbein, K. L. Holderman. | 


vania. 


59 new members as of May 7 
49 new members-—final list 
531 previously added 


639 total new members 1955-56 


MELVIN L. ENGER 


1938-39. 


Dean Emeritus Melvin L. Enger died May 13, 1956, in Escon- 
dido, California, where he has lived since retiring seven years ago 
from the position of Dean of Engineering at the University of 
Illinois, Urbana. Professor Enger, who served on the Illinois engi- 
neering faculty for 42 years, also became director of the Engineer- 
ing Experiment Station in 1934, when he was appointed Dean. A 
member of the ASEE since 1907, Dean Enger was a member of 
the General Council from 1921 to 1924, and Vice President from 
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TEACHING POSITIONS AVAILABLE 


ELECTRICAL, MECHANICAL, CHEM- 
ical Engineering, and also Mathematics and 
Physics staff openings. Industrial experience 
desirable. Opportunity for research. Frank- 
lin Technical Institute, 41 Berkeley Street, 
Boston 16, Massachusetts. 


ASSISTANT PROFESSOR OR INSTRUC-— 
tor to teach fundamental heat power and 
related fields. Compensation dependent on 


qualifications. Long established college, 
high professional reputation. Graduate 
Study opportunities available. Location, 


New York City. Appointment to start Sep- 
tember, 1956. Send resumé. JUN-I. 


ASSOCIATE PROFESSOR, ASSISTANT 
Professor, or Instructor, (rank and _ salary 
determined by training and experience) to 
teach courses in the Petroleum Production 


Option. Teaching period nine months. 
Opening, September 1, 1956. Location, 
Southwest. JUN-2. 


ASSOCIATE, ASSISTANT, PROFESSOR 
or Instructor, rank dependent upon training 
and experience, to teach basic mechanical 
engineering courses. Machine design ex- 
perience preferred. M.S. degree or teaching 
experience desirable. Position available 
September 1, 1956. Write to Head, Depart- 
ment of Mechanical Engineering, South 
Dakota State College, State College Station, 
Brookings, S. D. 


ELECTRICAL ENGINEERING IN- 
structors and Professorial rank teachers 
needed for the 1956-57 academic year. Ex- 
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tensive graduate program and research ac- 
tivities. Write to Head, Electrical Engineer- 
ing Department, The Pennsylvania State 
University, University Park, Pennsylvania. 


RESEARCH ASSISTANTSHIP IN LUBRI- 
cation. Graduate study and paid part-time 
work with experienced staff in hydrodynamic 
lubrication of bearings. Start September or 
February. Write to Professor George Du- 
Bois, Department of Machine Design, Cor- 
nell University, Ithaca, New York. 


CIVIL ENGINEERING INSTRUCTOR 
and Assistant Professor needed. Assistant 
Professor to take charge of surveying, high- 
way course sequence, and surveying camp. 
Eastern metropolitan college, start Septem- 
ber 1, 1956. JUN-3. 


ELECTRICAL ENGINEERING POSITION 
to teach undergraduate courses. M.S. re- 
quired. Opportunity for graduate study, in- 
dustrial consulting, or research. Rank and 
salary open. Start September 1956. Uni- 
versity of Santa Clara, Santa Clara, Cali- 
fornia. 


ASSISTANT PROFESSOR AND INSTRUC-— 
tor at growing midwest engineering college 
in Department of Mechanical Engineering, 
effective fall semester 1956-57. Assistant 
Professor must have special experience or 
training in machine design. Teaching as- 
signment for instructor would include: Heat- 
Power, Manufacturing Processes, and Lab- 
oratory. Salary in both grades dependent 
upon qualifications. JUN-4 
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EJC Report on Professional Standards 
and Employment Conditions 


Editorial Note: If engineering is to be accepted fully as a profession 
in the strict sense, engineers, their employers, and colleges of engineer- 
ing all have responsibilities. What are they? The Committee on 
Employment Conditions of Engineers Joint Council studied the problem, 
prepared a report, had it reviewed by a special Task Committee, re- 


viewed again by the EJC Executive Committee, and finally approved f 
by the EJC Board of Directors at its meeting on March 16, 1956. 

As an authoritative statement of the problem, the report is printed | P 
here in its entirety for the benefit of ASEE members; other constituent 
societies are giving it similar circulation. In addition, EJC is printing | E 


a limited number of separate copies. Some are being sent to each dean 
of engineering, and others are being made available without charge to 
those interested. Requests should be sent to E. Paul Lange, Secretary, 


Engineers Joint Council, 29 West 39th Street, New York 18. 


FOREWORD 


Unlike the members of most learned professions, the engineer 
usually is an employee rather than a private practitioner. Surveys 
indicate that about eighty per cent of professional engineers are in 
the employee classification, and this situation sometimes creates 
special problems which are not inherent in the other professions. 
One such problem is how specifically to create and maintain an 
employment atmosphere consistent with high professional standards. 

Certain conditions of employment have had a profound influence 
on engineers and, among other factors, have caused a number of 
professional employee groups to turn to collective bargaining. 
There is a need, therefore, for the engineering profession to state 
clearly the employment conditions that engineers expect as profes- 
sional men. Employers should align their policies with respect 
to the engagement of professional engineering personnel to meet 
these expectations. Mutual understanding between employers of 
engineers and the engineering profession is essential to the estab- 
lishment of an environment which will encourage the individual 
engineer to achieve full professional stature. 

A special committee of Engineers Joint Council was charged with 
a study of this employment problem and the preparation for Engi- 
neers Joint Council of “a means of education of and vertical com- 
munication to the membership of the constituent societies (includ- 
ing students ) concerning conditions surrounding unionization of 
professional personnel.” 

Another assignment of the special committee was the preparation 
of information for employers of engineers concerning employment 
practices, educational opportunities, and general measures for pro- 
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fessional development that influence the attitudes of engineers 
toward a true professional outlook. 

This study treats but one of many problems confronting the 
profession. Engineers Joint Council will continue its study of 
the problems related to the employed engineer. 


ENGINEERS JOINT COUNCIL REPORT ON 
PROFESSIONAL STANDARDS AND 
EMPLOYMENT CONDITIONS 


The Board of Directors of Engi- 
neers Joint Council has adopted the 
following report, which comprises an 
analysis of problems of current em- 
ployment conditions as they relate to 
the individual engineer. The major 
topics studied and covered in this 
report are as follows: 


1. The Present Situation 
2. The Causes of This Condition 
3. Summary of Historical Back- 
ground 
4. Statement of the Problem and 
Suggested Solutions 
5. Engineering—a Profession 
6. Employee’s Responsibilities in 
the Engineering Profession 
7. Management's Responsibilities 
in the Engineering Profession 
8. Engineering Societies’ Respon- 
sibilities in the Engineering 
Profession 
g. Engineering Education’s Re- 
sponsibilities in the Engineer- 
ing Profession 
10. Conclusions and Recommenda- 
tions 
1. The Present Situation 
The expansion of engineering from 
its beginning in military and civil en- 
gineering a century ago to a multi- 
Plicity of disciplines today has created 


a host of problems. Of major concern 
to the engineer is his relationship as 
a professional man with his employer. 
This relationship is influenced largely 
by employment conditions, including 
salaries, training programs, security 
policies, levels of responsibility, job 
classifications, and identification with 
management. 

Because the needs, responsibilities, 
and contributions of professional em- 
ployees have not been recognized 
adequately in some instances, there 
has been a movement toward the un- 
ionization of engineering personnel. 
This has had an adverse affect on the 
professional concepts of many engi- 
neers, for a professional man must 
rely primarily on his own personal 
competence and integrity for recogni- 
tion. In addition, confidential rela- 
tionships which should exist between 
employers and professional engineers 
have been jeopardized. 

The fact that there has been a 
trend toward collective bargaining by 
engineers, in spite of widespread re- 
luctance to participate in such action, 
indicates the existence of unsatisfac- 
tory conditions. The engineering pro- 
fession and management have a great 
stake in the solution of the problem 
and the latter must accept its share of 


neer 
veys 

re In 
2ates 
10ns. 
n an 
ards. 
ence 
er of 

: 
ning. 
state q | 
ofes- | 
spect 

: 
meet | 
rs of 4 
stab- 
2 
idual 


868 JOURNAL OF ENGINEERING EDUCATION 


the responsibility for alleviating un- 
favorable employment conditions. 


2. The Causes of this Condition 


Reasons which have fostered collec- 
tive bargaining among engineers have 
been studied and may be grouped as 
follows: 


A. Professional Treatment 


a. A feeling among engineers that 
they were not identified with 
management, whether they were 
employees in industry, in private 
engineering firms, or in the pub- 
lic service. 

b. Inadequate channels of commu- 
nication between top manage- 
ment and nonsupervisory engi- 
neers. 

c. Inadequate recognition of the 
engineer as a professional em- 
ployee. 

d. Assignment of engineers to sub- 
professional work. 

e. Undue retention of engineers in 
specialized and narrowly com- 
partmentalized assignments. 

f. Lack of appropriate means for 
resolving individual problems. 


B. Personal Treatment 


a. Inadequate recognition and treat- 
ment of the engineer as an in- 
dividual. 

b. Lack of broad position classifica- 
tions and appropriate titles by 
which the engineer could meas- 
ure his progress. 

c. Inadequate or nonexistent plans 
for training and job rotation. 

d. Inadequate understanding of 
promotional policies and belief 
that progress and promotions 
were not commensurate with 
ability and performance. 
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e. Feeling of insecurity of employ- 
ment. 

f. Management’s human relations 
knowledge and skills have not 
kept pace with the expanded uti- 
lization of engineers. 


C. Financial Treatment 


a. Engineering salaries not com- 
mensurate with fundamental con- 
tribution. 

b. Too small a differential between 
the pay of engineers and mem- 
bers of the skilled trades. 

c. Salaries of experienced engineers 
not sufficiently increased, in com- 
parison with present starting 
salaries. 

d. Wide variation in salaries paid 
to engineers doing comparable 
work in different organizations. 

e. Dissatisfaction with merit review 
systems and inadequate under- 
standing of salary administration. 


Faced with these conditions, some 
engineers have resorted to unioniza- 
tion in the belief that corrective ac- 
tion could be effected only by pres- 
sures on management through collec- 
tive bargaining. Even though they 
may have realized that professional- 
ism requires freedom of action, these 
engineers appear to have been willing 
to submerge this principle in their at- 
tempt to get more pay and better 
working conditions through union 
activity. 


3. Summary of Historical Background 
The accelerated development of 


mass-production techniques in this | 
century stimulated a rapid rise in | 
Labor and | 
management faced common problems | 
of increasing complexity. In 1935 the | 


labor union activities. 


United States Congress enacted the 


National Labor Relations Act, better j 
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known as the Wagner Act, which 
guaranteed to employees the right to 
organize and to bargain collectively, 
and protected labor unions against 
specified unfair labor practices on the 
pat of management. At that time 
there was little realization on the part 
of the professions of the potential im- 
pact of the Wagner Act on profes- 
sional employees. However, the es- 
tablished labor unions soon took ad- 


- yantage of the situation, and it was 


not long until many professional em- 
ployees found themselves included, 


- against their individual desires, in 
heterogeneous bargaining groups. 


Legally, it was possible to form 


_ bargaining groups composed solely of 
professional employees. 
it was difficult to do so. Wherever a 
heterogeneous bargaining unit existed, 


Practically, 


it was next to impossible for profes- 


sional employees to segregate them- 

selves since the Wagner Act made no 

_ distinction between them and nonpro- 
fessional workers. 


Some engineering societies, particu- 
larly the American Society of Civil 


| Engineers, undertook to chart a course 
_ of action designed to assist profes- 
sional employees against inclusion in 
heterogeneous groups. 
_ effort met with but minor success. 
_ Later, Engineers Joint Council deter- 
_ mined to present its views to Con- 


At first, the 


gress, with the hope that the Wagner 


Congress in 1947—better known as the 
Of interest to the engineering pro- 


under Section g (b): 
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“The Board shall decide in each case 
whether, in order to assure to employees 
the fullest freedom in exercising the rights 
guaranteed by this Act, the unit appro- 
priate for the purposes of collective bar- 
gaining shall be the employer unit, craft 
unit, plant unit, or subdivision thereof; 
PROVIDED that the Board shall not (1) 
decide that any unit is appropriate for 
such purposes if such unit includes both 
professional employees and employees 
who are not professional employees unless 
a majority of such professional ‘eee 
vote for inclusion in such unit. 


The term professional employee as in- 
cluded in the Act reads: 


“(a) any employee engaged in work (i) 
predominantly intellectual and varied in 
character as opposed to routine mental, 
manual, mechanical, or physical work; 
(ii) involving the consistent exercise of 
discretion and judgment in its perform- 
ance; (iii) of such a character that the 
output produced or the result accom- 
plished cannot be standardized in rela- 
tion to a given period of time; (iv) re- 
quiring knowledge of an advanced type 
in a field of science or learning customar- 
ily acquired by a prolonged course of 
specialized intellectual instruction and 
study in an institution of higher learning 
or a hospital, as distinguished from a 
general academic education or from an 
apprenticeship or from training in the 
performance of routine mental, manual, 
or physical processes; or, (b) any em- 
ployee who has (i) completed the courses 
of specialized intellectual instruction and 
study described in clause (iv) of para- 
graph (a), and (ii) is performing related 
work under the supervision of a profes- 
sional person to qualify himself to be- 
come a professional employee as defined 
in paragraph (a).” 


Under the Taft-Hartley Act, a 
group of professional employees in 
any place of employment may decide 
by majority vote of their own num- 
bers whether they want to form a unit 
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of their own for collective bargaining 
purposes, to join with some other bar- 
gaining group, or to refrain from col- 
lective bargaining entirely. 

It was hoped that the amended act 
would provide a satisfactory solution 
to the inclusion of engineers in het- 
erogeneous unions. Professional em- 
ployees could disassociate themselves 
from heterogeneous groups. It was 
not expected that employees of pro- 
fessional status ever would desire any- 
thing like a nation-wide bargaining 
union. It was hoped that labor unions 
would respect the statutory rights of 
professional employees. Those hopes 
today lack much of full realization. 

A number of bargaining groups of 
professional employees have come into 
existence. Some appear to have func- 
tioned constructively; the same hardly 
can be said of others. Already there 
is a nation-wide union, self-designated 
as an engineering union, which as- 
pires to power. Although some pro- 
fessional employees have been able to 
disassociate themselves from hetero- 
geneous groups, craft unions, partic- 
ularly in the construction industry, are 
forcing more and more engineers into 
their ranks by bringing economic pres- 
sure upon employees, thus avoiding 
the election machinery of the Taft- 
Hartley Act. Clearly, many members 
of the engineering profession and em- 
ployers of engineers are not doing 
enough to ensure enforcement of the 
letter and the spirit of the law. 

The recent merging of the Amer- 
ican Federation of Labor (AFL) and 
the Congress of Industrial Organiza- 
tions (CIO) brings into being a large 
and powerful labor organization 
among whose objectives are increased 
efforts toward unionization of office 


JOURNAL OF ENGINEERING EDUCATION 


June, 1956 


employees and technical personnel, 
That effort will have direct impact on 
professional engineers. 
To obtain reliable statistics regard. 
ing the current status and thinking of 
a cross-section of the engineering pro- 
fession, four constituent members of | 
EJC, namely ASCE, ASME, AIEE, | 
and SNAME, polled 117,917 of their | 
members on specific questions concem- 
ing collective bargaining. Of thos 
polled 66,938 or 57% responded. Re | 
turns showed that 48,082, or 72%, of | 
the 66,938 respondents opposed col- | 
lective bargaining for professional en- | 
gineers; and that 44,168, or 66%, felt | 
that collective bargaining is incom. 
patible with professional status. 
Further, the 66,938 responses showed 
that less than 4% were actually mem- | 
bers of established collective bargain | 
ing groups; 27% reported as not being | 
opposed to collective bargaining; 20% | 
reported that they believed collective © 
bargaining would be advantageous to | 
them; and finally, less than 1% of the | 
membership of three member societies | 
(the fourth did not ask the question), | 
would prefer to be represented by 2} 
craft labor union. 
These results present a challenge to | 
the engineering profession and to en | 
gineering management. The thinking | 
of the remaining 43% of the 117,917 
members polled, who did not respond | 
to the questionnaire, is still unknows, | 
but, assuming that the sample wa 
representative, there would then be} 
30,300 members who are not opposed | 
to collective bargaining for profes | 
sional engineers. : 
These results emphasize the situa | 
tion confronting the profession it) 
spite of the protective clauses in the | 
Taft-Hartley Act. - 
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4. Statement of the Problem and 
Suggested Solutions 


A summary of the above might lead 
to two basic reasons for the present 
situation: 

1. Engineers have not always re- 
alized and understood the professional 
characteristics of their roles. 

2. Management has not always re- 
alized and accepted its obligations to 
engineers. 


If these are the causes, the problem 
then may be stated as how to get the 
engineer to appreciate the professional 
characteristics of his position and how 
to get management to realize and ac- 
cept its obligations to its engineers. 

Immediately certain solutions pre- 
sent themselves, and these may be 
listed under five main headings: 


1. Point out to the. engineer and 
reemphasize to him that engineering 
is a profession and that he therefore 
has certain definite responsibilities. 

2. Point out to management, through 
all feasible ways, that it has responsi- 
bilities to the engineering profession. 

3. Point out to professional societies 
the part which they should play in 
the advancement of their profession. 

4. Point out to engineering educa- 
tors their responsibilities for develop- 
ing professional concepts in their stu- 
dents. 

5. Point out to society the contribu- 
tion of the engineer to its general 
welfare. 


The purpose of the rest of this re- 
port will be to bring to the attention 
of all concerned their respective re- 
sponsibilities. It is hoped that suffi- 
cient distribution and publicity will 
be given to it to stimulate a realization 
on the part of the public that engi- 
neering is a profession with high ideals 


and one that has made preeminent 
contributions to our modern civiliza- 
tion and high standard of living. 


5. Engineering—a Profession 


Engineering is the art and science 
by which the properties of matter and 
energy are made useful to man in 
structures, machines, and products. 
Accomplishment of these ends _ re- 
quires not only scientific training, but 
also creative imagination, judgment, 
and an appreciation of the economics 
involved. The work of the engineer is 
predominantly intellectual and varied. 
The dictionary defines engineering as 
a mental activity rather than a manual 
skill. The engineer must exercise dis- 
cretion and judgment, he must wish 
to serve, and his relationship with man- 
agement must be one of confidence; in 
fact he is part of management. The 
engineer is charged with the protec- 
tion of the public health and the pub- 
lic safety. The builder of a bridge, an 
airplane, a water supply system, a 
dynamo, a kitchen range, an automo- 
bile, or a chemical plant must be con- 
cerned with its safe operation. Re- 
sponsibility rests upon his shoulders; 
if he does not accept that responsibil- 
ity, he is not professional. 

Professions require knowledge and 
skills on a high plane, and all require 
that the practitioner work in a rela- 
tion of confidence. In the ministry, 
medicine, and law, this relationship is 
usually on an intimate personal basis, 
but in engineering it usually is more 
general and, indeed, involves obliga- 
tion to the public at large as well as 
to the employer or client. The engi- 
neer’s code of ethics requires that “he 
will have due regard for the safety of 
life and health of the public and em- 
ployees who may be affected by the 
work for which he is responsible” and 
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that “he will act in professional mat- 
ters for each client or employer as a 
faithful agent or trustee.” 

Since clients and employers usually 
do not have the technical knowledge 
necessary to judge technical work, the 
engineer is bound to place their pro- 
tection above his personal convenience 
or his immediate personal gain. A 
fundamental principle of professional 
responsibility is trusteeship. This is 
also a fundamental principle of man- 
agement. To the employed engineer 
this means that the professional at- 
titude involves a “management-ori- 
ented” point of view. 

Engineering operations today are 
varied and extensive. Men at all 
levels of training and competence are 
required to carry out vast engineering 
enterprises. The work of the drafts- 
man, the layout man, the toolmaker, 
the plant operator is indispensable, 
but does not require the imagination, 
the educational background, or the 
judgment of the engineer, who con- 
ceives and executes the broader as- 
pects of the projects. 

The work of a truly professional en- 
gineer is so far from a routine, estab- 
lished pattern that only he can pro- 
vide the initiative, the discretion, and 
judgment to achieve the successful ac- 
complishment of his particular tasks. 
Because he alone knows with what 
comprehension, ability, and likelihood 
of success he approaches his assign- 
ment, the professional must accept in- 
dividual responsibility or else advise 
his client or employer that other help 
is needed. 

Professional attitude involves the 
following five basic concepts: 


(1) A social consciousness, a desire 
to contribute to rather than simply to 
benefit from civilization; a resolve to 
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place the public welfare above othe | 


considerations. 

(2) The acquisition of special skilk 
on a high intellectual plane, generally 
evaluated by means of self-imposed 
standards of excellence. 

(3) A sense of trusteeship—per. 
sonal responsibility to protect the 
client’s or employer's interest. 


(4) Individual initiative and ac} 


ceptance of individual responsibility, 
both of the highest order. 


(5) A right to expect and to re} 


ceive adequate financial recognition 


Prestige, however, is something that 
must be won. It cannot be bought or 


automatically accorded through affilia. | 
tion with an organization. It is some | 
thing that one can command but never | 
demand. In the final analysis, an en | 


gineer achieves professional standing 


only to the extent that he accepts his | 
responsibility to himself, to his client | 


or employer, and to society. 


Attainment of a degree in engineer | 
ing from an institution of recognized | 
standing implies that the graduate has | 
mastered a certain curriculum ani) 
that he has the ability to understand, | 
to assimilate, and to apply the know | 
edge that qualifies him to become :) 
member of the engineering profession | 

Although social consciousness is not | 
necessarily a corollary to superior 
mental competence, most people who | 
are endowed with such competenc | 
do have a sense of responsibility to the | 
social order of which they are a part] 
They have learned to look on lifes) 

an opportunity to contribute to th) 
civilization that fostered them ani] 
thus to better the lot of those who fol | 
low. To the engineer who feels that! 
life provides opportunity for construc | 
tive contribution to society, collective) 
bargaining with its attendant potet| 
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tiality for creating conflicting obliga- 
tions is not acceptable. 


6. Employee’s Responsibilities in the 
Engineering Profession 

“As an engineer, I will participate in none 

but honest enterprise. To him that has 

engaged my services, as employer or cli- 

ent, I will give the utmost of performance 

and fidelity.” (Faith of the Engineer.) 


The engineering employee is bound 
by the same ethical and moral princi- 
ples that apply to a member of any 
other learned profession. The respon- 
sibilities of an engineering employee 
are many. He is obliged to perform 
the professional assignments entrusted 
to him to the best of his knowledge 
and ability. He should give needed 
professional counsel in his special 
field and render loyal service. He 
should respect the economic problems 
of his employer. He should be thor- 
ough, expeditious, original, and accu- 
rate in the execution of his duties and 
assignments. He should have a ra- 
tional attitude toward his work and 
fulfill each task with a minimum of 
supervision. At all times he should 
strive to improve the quality and in- 
crease the quantity of his output. 

Education is important to the engi- 
neer and he should foster its continu- 
ance for those who are subordinate to 
him. He should strive to recognize 
and to utilize the diverse capacities of 
all fellow employees. He should strive 
for good planning and clear, concise 
reports. He should be friendly and 
maintain good appearance. He should 
develop the ability to be a good lis- 
tener as well as the ability to express 
his thoughts effectively. 

It is axiomatic that just as manage- 
ment has responsibility to employees, 
so do employees have responsibilities 
to management. The engineer em- 
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ployee should realize that he is not 
just another hired hand. He should 
know that to achieve full professional 
stature he must develop himself to rise 
above the technician or engineering 
assistant. He must have genuine de- 
sire to expand his capacity, to extend 
his knowledge, and to improve his 
proficiency. 

Any employee who is unwilling to 
assume responsibilities beyond those 
accompanying his present job has lit- 
tle right to be critical about lack of 
advancement. If he feels that he is 
not getting earned recognition, it well 
may be that critical self-appraisal is 
in order. One cannot just wish him- 
self up the ladder or depend on some- 
one else to push or pull him along the 
way to success. The fact that a man 
has acquired a bachelor’s degree in 
engineering does not, of itself, entitle 
him to any lasting professional recog- 
nition. It remains for each individual 
to prove by his own ability, integrity 
and conscientious application to duty 
that he deserves recognition. 


7. Management's Responsibilities in 
the Engineering Profession 


Surveys show that more than forty 
per cent of management were trained 
as engineers. It seems illogical, there- 
fore, that often there is inadequate 
communication between management 
and engineers, with consequent lack 
of understanding on the part of man- 
agement of the reasons for dissatisfac- 
tion among professional employees. 

Management must recognize the in- 
herent professional character of engi- 
neering work. It should be a policy 
of management to use its professional 
employees to the maximum of their 
capabilities. Except during the train- 
ing period, the engineer should not be 
assigned to tasks which do not require 
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his technical training and he should 
be accorded individual and _ profes- 
sional status commensurate with the 
quality of his contribution. 


There must be opportunity for a. 


continuation of education. It is im- 
portant that professional employees be 
given opportunities to participate in 
activities of scientific and technical so- 
cieties. It is important that they re- 
ceive credit for their contributions to 
the advancement of technical knowl- 
edge or the profession as a whole. 

There must be adequate communi- 
cation between management and the 
professional employee. There should 
be organized orientation and training 
programs for new employees. Engi- 
neers need to understand the basic 
policies of their employer. They need 
to know their responsibilities and 
their opportunities for advancement. 
Adequate management-employee com- 
munications require a day-to-day re- 
lationship supplemented by periodic 
performance reviews, and other ap- 
propriate techniques. 

Salaries must be established which 
will recognize the contribution of the 
professional employees as related to 
that of other groups. Salary differen- 
tials between various levels of tech- 
nical experience have been substan- 
tially narrowed during recent years. 
Engineers who, after a period of sat- 
isfactory employment, find their sal- 
aries are only slightly higher than 
those of the recent graduate and pos- 
sibly lower than those of a skilled 
craftsman are not working in a favor- 
able atmosphere. 

Management must minimize the 
fear of job insecurity by adopting fea- 
sible means for stabilizing the em- 
ployment of professional personnel 
and developing suitable termination 
policies. Since many engineers be- 
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come managers, there is a need to 
insure that they are employed and de. 
veloped in an atmosphere which will 
fit them for their future responsibil. 
ities. Executive talents must be de. 


veloped by experience and training in | 


those phases which lead to managerial 
responsibilities. 


8. Engineering Societies’ Responsibil- 
ities in the Engineering Profession 
The engineering societies must take 

the lead in the advancement of the 

profession. Among the basic respon- 
sibilities of the engineering societies 
are the establishment of standards of 
ethical conduct, rigid requirements for 
admission to membership, accredita- 


tion of educational institutions which > 


grant engineering degrees, and awards 
and prizes in recognition of worthy 
contributions to the advancement of 
the profession. 

The national engineering societies 
have an additional responsibility to 
foster a healthy professional climate 
for employed engineers. Their gov- 


erning boards and their individual 


members should unite in exerting their | 


best efforts towards solving the prob- | 
lem. These responsibilities are so chal- | 
lenging and so vital to the current | 
problem that they must be considered 


as obligations. 


Current efforts of national commit: | 
tees to encourage professional devel- | 
opment of engineering society mem- | 
bers and to promote recognition by > 


the public of the professional charac > 


ter of the engineers’ work should be | 
expanded. An objective evaluation of | 
the problem should be continued, fol | 
lowed by specific recommendations for | 
the good of the profession. Engineer: | 


ing societies should adopt official state: | 
ments for membership information | 


with respect to collective bargaining | 
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to the extent permitted by their chap- 
ters and constitutions. They should ac- 
quaint their memberships with those 
provisions of the Taft-Hartley Act 
which have a special significance to 
professional engineers. Constructive 
programs for encouraging professional 
consciousness on the part of engineers 
both before and after graduation 
should be sponsored. Therefore, the 
engineering societies and Engineers 
Joint Council should inform manage- 
ment as to the standards that will con- 
tribute to full professional achieve- 
ment. 

The engineering societies should 
provide guidance and assistance to ed- 
ucational institutions confronted with 
any problem which is detrimental to 
the achievement of full professional 
training of students. 


9. Engineering Educatar’s Responsibil- 
ities in the Engineering Profession 


Engineering colleges have a pri- 
mary responsibility for developing 
professional concepts in engineering 
students. Professional concepts should 
be developed through their applica- 
tion to the solution of engineering 
problems in the technical courses, by 
lectures, association with students, 
and by good example. 

Opportunities for engineering edu- 
cators to become better acquainted 
with the total environment in which 
engineers work should be expanded 
through temporary employment in 
nonacademic fields and the utilization 
of employers with “professional vi- 
sion” in the classrooms and student 
seminars. Such activities enable stu- 
dents to appraise their status more 
realistically upon graduation. 


10. Conclusions and Recommendations 


There are obligations and responsi- 
bilities resting on both employer and 


employee. Each, of course, has re- 
sponsibility to advance his own wel- 
fare. Beyond that, and yet a part of 
it, each has responsibility to the other 
and to society. Grave responsibilities 
for inculcating and developing pro- 
fessional consciousness in young mem- 
bers of the profession rest upon the 
educational institutions and _profes- 
sional societies. Various phases of 
such responsibilities have been stressed 
in the several sections of this report. 

Without a sound technical founda- 
tion no man can become a competent 
engineer. But more than technical 
competence is demanded of one who 
expects to be recognized as a profes- 
sional person. One must understand 
and observe appropriate ethical stand- 
ards and it is important to cultivate 
proper understanding of such stand- 
ards. 

The ECPD program “The First Five 
Years of Professional Development” is 
an excellent step in the right direc- 
tion. Here is opportunity for the en- 
gineering societies, the colleges, in- 
dustrial management, and civic insti- 
tutions to work together to aid young 
graduates in continuing their educa- 
tion and in adjusting themselves to 
conditions to be met in the practice of 
their profession. 

The present report has been pre- 
pared with full realization that the 
subject refers chiefly to one phase of 
professional life. An attempt has been 
made to identify factors that have 
significant bearing on the specific 
problem under consideration. Con- 
certed efforts by all concerned with 
advancement of the profession are re- 
quired if satisfactory solutions are to 
be found. It is believed that if the 
recommendations submitted are fol- 
lowed by those to whom they are di- 
rected, substantial improvement in the 
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standing of the profession will result. 
There is no simple solution, but EJC 
recommends that: 


1. Management utilize the services. 


of engineers more effectively and 
thereby afford them opportunity for 
advancement and economic improve- 
ment. 

2. Management recognize its re- 
sponsibility to make engineers feel 
that they are a part of management. 

3. Management survey areas of 
communication, recognition, and sal- 
aries and, where found wanting, cor- 


June, 1956 


rect to conform with standards of pro. 
fessional practice. 

4. The engineer take inventory of 
his services and his actions to make 
sure that he has a professional atti- 
tude toward his work. 

5. Engineering societies establish 
and employ appropriate means to 
maintain high standards of ethical 
conduct for professional achievement, 

6. Engineering societies encourage 
the professional development of their 
members and promote proper recog- 
nition of the profession. 

7. Engineering educators emphasize 
the characteristics of the profession. 
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niversity available. 


OBJECTIVES—Program is designed 
to put the right man in the right 
job and develop men of manage- 
ment caliber. 


RESULTS— Many members of Allis- 
Chalmers management team are 
graduates of this program. 5026 


Only at Allis-Chalmers can your 
graduates find all these broad 
career possibilities — growth 
with all the world’s basic indus- 
tries... wide range of products 
...choice of training assign- 
ments. . . professional advance- 
ment...opportunities in a 
variety of engineering fields. 


A-C’s Graduate Training 
Course allows them to develop 
engineering skill through ap- 
plication of theoretical knowl- 
edge. For example: 


ELECTRICITY — transformers, 
motors, generators. 


THE COURSE — Offers maximum 
of 24 months training. Estab- 
lished in 1904. Recognized as 
a model for industrial training 
courses since that time. 


OBJECTIVES — Program is de- 
signed to put the right man in 
the right job and develop men 
of management caliber. 


Graduates can 
build “Tomorrow” 


In manufacturing . 


at 


Allis-Chalmers 


THERMODYNAMICS — steam tur- 
bines, internal combustion 
engines. 


HYDRAULICS — hydraulic tur- 
bines, centrifugal pumps. 


These, and many more, make 
up a course designed to develop 
the industrial leaders of the fu- 
ture in research, engineering, 
production and sales. 


Get more information from 
the Allis-Chalmers representa- 
tive visiting your campus, or 
write Allis-Chalmers, Graduate 
Training Section, Milwaukee 1, 
Wisconsin. 


OPTIONAL PROGRAM — Trainee 
plans own program and may 
revise it with changing inter- 
ests. Competent counselors are 
always available. 


RESULTS — Many members of 
Allis-Chalmers management 
team are graduates of this out- 
standing program. 
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New radio relay systems for telephone 
and television now in the making will em- 
ploy an ingenious device invented by Bell 
scientists. The device, known as an “iso- 
lator,” senses which way microwaves are 
traveling through a waveguide, and stops 
those going the wrong way. 


In the new systems a klystron wave 
generator sends signals through a wave- 
guide to the antenna. The klystron must 
be shielded from waves reflected back 
along the waveguide by the antenna. The 
isolator stops reflections, yet allows the 
signals to go through clear and strong. 


This isolator is a slab of ferrite which 
is mounted inside the waveguide, and is 
kept magnetized by a permanent magnet 
strapped to the outside. The magnetized 
ferrite pushes aside outgoing waves, while 
unwanted reflected waves are drawn into 
the ferrite and dissipated. This “field dis- 
placement” action results from the inter- 
play between microwaves and a ferrite’s 
spinning electrons. 


This is another example of how Bell 
Telephone Laboratories research works to 
improve American telephony and telecom- 
munications throughout the world. 


RADIO’S 
ONE- 
WAY 
STREET 


Dr. S. Weisbaum assembles an isolator 
which he developed for use in a new 
microwave system. Dr. Weisbaum is a 

.D. in microwave spectroscopy from 
New York University. He is one of many 
young men at Bell Laboratories applying 
the insight of the physicist to develop 
new systems of communication. 


The heart of 

the isolator is a 
ferrite slab. 
Geometric pattern 
is a carbon layer 
which dissipates 
reflected signals. 


| t 4 At a radio relay 
station an isolator 
assures one-way 
transmission 

from the output 


of the amplifier 
to the antenna. 
ISOLATOR 
AMPUFIERS \\ 


BELL TELEPHONE LABORATORIES 
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nu lear 
AREERS for 
SCIENTISTS and ENGINEERS 


At COMBUSTION ENGINEER- 
ING’S new Nuclear Engineering and 
Development Center, Windsor, 
Connecticut, permanent openings for 
SENIOR AND JUNIOR POSITIONS 
are available to qualified 


s Mechanical Engineers 
Metallurgists 

Naval Architects 
Nuclear Engineers 
Physicists 

Structures Engineers 


Chemical Engineers 
Chemists 

Design Engineers 
Electrical Engineers 
Mathematicians 


Here is your opportunity to help 
develop a new NAVAL NUCLEAR 
PROPULSION SYSTEM -— with the 
first company in the country that will 
complete such an AEC contract with 
its own facilities. 

You will be a member of a company 
that is well-established in the Nuclear 
Power field. Combustion Engineering 
has accumulated ten years’ experience 
—designing and building major reactor 
components, both for Naval units and 
for central stations. 

And you’ll find Windsor a wonderful 
place to live. Only 8 miles from Hart- 
ford, it is an ideal location, both for 
work and for play. 

If you are a citizen, whether you 
have Nuclear experience or not—send a 
complete resume, in strict confidence, to 


COMBUSTION 
ENGINEERING, INC. 


Reactor Development Division 
Department M, Windsor, Conn. 
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Boeing 


Scores of Boeing engineers today are 
enjoying intriguing and rewarding 
careers because of sound advice 
given them 10, 15 or 20 years ago by 
their college professors and place- 
ment officers. 


Today your students will find in 
aviation—and Boeing—still greater 
opportunity and growth potential. 

Boeing today employs more engi- 
neers than at the peak of World War 
II. One out of each seven employees 
isanengineer! And stability has long 
marked an engineering career here. 
Forty-six per cent of Boeing engineers 
have been with the company for more 
than five years; 25% for more than 
10 years; 6% more than 15 years. 
There are a number with 20, 25 and 
even 30 years’ service. 


offers 


long-range 


engineering careers 


JOHN C. SANDERS, Staff Engineer— Personnel, 
Boeing Airplane Company, Seattle 14, Wash. 


BOEING 


What kind of work does Boeing 
offer? Opportunity lies in three basic 
areas: Research, Design and Produc- 
tion. Programs include multi-jet 
bombers, America’s first jet transport, 
the Bomarc pilotless aircraft guided 
missile system; application of nuclear 
power and supersonic flight. 


Boeing is continually seeking en- 
gineers of ability—electrical, civil, 
mechanical, aeronautical and related 
fields, as well as physicists and mathe- 
maticians with advanced degrees. 


Engineers are encouraged to take 
daytime graduate studies during 
working hours and are reimbursed 
for all tuition expenses. May we send 
you—or any of your students—ad- 
ditional information about engineer- 
ing careers at Boeing? Just write: 


SERS 
i 
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A PIONEER SERIES IN A FAST MOVING 
FIELD OF NATIONAL IMPORTANCE 


Principles of 
GUIDED MISSILE DESIGN 


Edited by Grayson Merritu, Captain, USN 


A six volume series on the current worthwhile unclassified information 
on guided missile technology written by nationally known authorities. 


Latest book just published: 


AERODYNAMICS, PROPULSION, STRUCTURES AND DE- 
SIGN PRACTICE by E. A. Bonney, Johns Hopkins Univer- 
sity; M. J. Zucrow, Purdue University ; and C. W. BESSERER, 
Ramo-Wooldridge Corporation. 


A comprehensive treatment of three basic elements of missile design 
providing the latest information on their fundamentals. 
640 pages, illustrated, $12.50 
Already published: 
GUIDANCE 


By Artuur 8. Locke, Vitro Laboratories and contributing 
authors 


‘*An absolute ‘must’ in every guided missile library’’—Ordnance. 
746 pages, illustrated, $12.50 


OPERATIONS RESEARCH, ARMAMENT, LAUNCH- 
ING (Merrill, Goldberg & Helmholz) 


| SYSTEMS ENGINEERING, RANGE TESTING (Jerger | 
| and Freitag) | 
| SPACE FLIGHT (Ehricke) | 
| GUIDED MISSILE DESIGNER’S HANDBOOK (Bes- | 


write for on approval copies 


D. VAN NOSTRAND COMPANY, INC. 


PRINCETON, NEW JERSEY 
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MATERIALS OF ENGINEERING 
By CARL A. KEYSER, University of Massachusetts 


Emphasizing practical applications, 
this new text offers a fully integrated 
presentation of the properties, fab- 
rication, uses and testing of all the 
ordinary materials in engineering use. 
OUTSTANDING FEATURES: Uses 
solid state concepts insofar as they 
can be applied in a descriptive non- 
mathematical way. Material is ar- 


480 pages 


ranged logically for suitable use’ in 
different courses. Clear, concise sum- 
maries, carefully chosen questions 
with problems at end of each chapter. 
Tells how properties of materials limit 
selection of processing methods. De- 
scribes how different processing 
methods affect service properties of 
various materials. 


556” 2 Publ. June 1956 


SURVEYING: An Introduction to Engineering 


Measurement 


By ADRIAN R. LEGAULT, HOWARD M. McMASTER, and RALPH 
R. MARLETTE, Department of Civil Engineering, University of Ne- 


braska 


Logically divided into three parts this 
new text covers: The Engineer and 
Surveying, Measuremerts, and Ap- 
plications. Part I—Historical back- 
ground and brief descriptions of the 
basic types of surveys lead to the 
early coverage of fundamentals of 
measuring and computation including 
error theory. Part I1—Basic Opera- 


tions, instruments and techniques in- 
volved in measuring distance, direc- 
tion and elevation are discussed in 
detail. Field adjustments of instru- 
ments outlined. Part I[1[—Coordina- 
tion and stress of the application of 
the basic material covered in Parts I 
and II. 


In THE PrenticE-HALL Crvi. ENGINEERING SERIES 
Edited by N. M. NewMARK 


448 pages 


6" 29" 


To be published August 1956 


REFRIGERATION & AIR CONDITIONING, 2nd 


Ed. 


By RICHARD C. JORDAN, University of Minnesota, and GAYLE 
B. PRIESTER, Baltimore Gas & Electric Co. 


Here is a thorough revision of the 
best-selling text that has been 
adopted in virtually every engineer- 
ing school in the United States. Its 
revisions include: inclusion of modern 
developments, new illustrations of 
modern equipment, more complete 
data on Freon-22 and brines plus 
expanded material on psychometry 


576 pages 


z 


and helium liquefaction, latest re- 
vised table of refrigerants, new section 
on residential air conditioning and 
new material on capillary tubes and 
air cycle refrigeration. Book is teach- 
able and flexible, answers to half the 
problems are given, there are many 
new illustrations and a wealth of 
references. 


To be published August 1956 


ENGLEWOOD CLIFFS 
NEW JERSEY 
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FOUNDATIONS: Design and Practice 


By Elwyn E. Seelye, Seelye Stevenson Value & Knecht, Consulting 
Engineers. This is the first complete textbook on foundations, 
It covers design, construction methods, costs, specifications, and 
field practice. Clear and authoritative, it is written out of the 
author’s vast store of personal experience. Hundreds of carefully 
worked out drawings illuminate and simplify the text material, 
1956. 466 pages. $16.00. 


CAMS: Design, Dynamics, and Accuracy 
By Harold A. Rothbart, The City College of New York. A com. 
pletely modern approach to cam analysis, stressing dynamics, 
machine design, and computors. The author provides a lucid 
coverage of both theoretical and practical aspects of the subject. 
Of special value is the discussion of profile accuracy and errors. 
Mathematics is kept to a minimum throughout the text. Repre- 
senting a significant extension of the usual kinematic treatment of 
cam action, this work answers a growing need for today’s engineer- 

ing student. 1956. In Press 


RURAL WATER SUPPLY AND SANITATION, 2nd Edition 


By Forrest B. Wright, Cornel] University. Almost entirely re- 
written, the second edition includes new chapters on the importance 
of water, development of source of water, water treatment, and 
problems of head and pressure. New problems and a large number 
of up-to-date illustrations have also been included. 1956. Ap- 
prox. 358 pages. Prob. $4.90. 


APPLIED ELECTRICAL MEASUREMENTS 


By Isaac F. Kinnard, General Electric Company. Provides a 
broader background in applied electrical measurements than any 
other single volume. The author covers the theory of measure- 
ments, the measurements of electrical quantities, and the measure- 
ment of non-electrical quantities by electrical means. 1956. Ap- 
prox. 594 pages. Prob. $15.00. 


Send today for your examination copies. 


See page iii for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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